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This proposal is primarily sonceried with the evaluation of the operational 
performance level of the J-3 reconnaissance system. This evaluation concerns itself 
with the analysis of equipment operation, the assessment of atmospherics, a study of 
the pertinent photographic processes, and the scrutiny of the resultant imagery, 


Le gy ee <“A‘secondary tiut*very tmportant s#ction of the peoposal-deals with. the reductiin of © 
“te data obtained from thetexperimental portions of the fifst four .J-3 flights, : 


Geter fee i: ~Another evaluation proposed is that which. deals with the validation’ -of the geometric 


» ety of the camera system, 


oop = “~~ Separaté from the above analysts, but still a part ‘of the total evaluation program, 
ei i © itek proposes_that a pair of Petzval jenses be subjected ‘te nonuniform thermal oe 
Roe age ate 8 | auch-that the etfecteon: ‘SNasttoest poritinn and resolution can be observed. ae 


The equipment ‘analysis. includes the consideration of the vehicle as well as the 
camera, since in essence they become one during operation. The data for this study 
will be supplied by the telemetry links and tape records included in the diagnostic 
flights. After the data are reduced, a comparison of the actual data with the error 
ie budget expectation will be made to identify the validity of the original budget, and, more 
~The ow 2a.  dmportanfiy, to-assess the effects of the disturbance sourres on quality. Wherever pos- 
a oe are me * sible,. compater techniques:will be used ‘to facilitate handling of the ‘Targe mass ‘of data. 


oS ee The atmospheric effects on mt Perfor inane, for the most part, can only be assessed 


a from #qnalitative standpoint, and. the imagery. obtained with.the. DISIC-as.well_as prior ° 


Pee fe. _ + -DF© material will be.uséful bere. One of the diagnostic flights will provide informa. 
eee e ~, tion on polarization within the: atmosphere, and:this will be. considered, ‘Some eematre 


mo “ edata avi]? be available ‘from the ground measurements-made at the: CORN ‘target sites. 


a ciate ae tek will-ateo-cnadact a theoretical -anaiysis. ob: the-etiecis-nf wtapepkerics on the 
Pg? -; Pesdlnbiont. Unitke. athge-mtmogpheric*inrestigations which have been conducted by | 

ae ' various groups for-various reasons, this. sas Sasa will be rey oriented toward | 

rere ta a pear Peet a ~ | 









ae | Of-the. general terrain. - The expo- 
‘ wh" 4” SUTB evaluation will of course consider the relationships of the film characteristics 
a . a and solar-iHuminance as related to achieving the theoretically proper position on the 
Do . exposure epee curve, but it will aiso consider what tris proper position really should 
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be, considering all mission requirements. An excellent relationship exists between | 
i; the Ifek personnel who would be involved and the. government communities who wauld .. 


provide necessary measurements and gpinions as to.the relative quality af imagery. . 


"Phe study of the development preeesses wilt also remain closely related to the 


_ aim of achieving the best possible output for the interpreter.. H is realized that any * 
' possible recommended modifications ia thls arex must be consistent with the need for 


- i.» @xpeditious handling of large quantities of fiim. - , si 
: _ An examination of the reproduction techniques is proposed since it is at this stage 
of the process that a great deal of information can be lost. It is impossible to have 
all interested parties view the original negative and only a few first generation posi- 
tives are made from it. Therefore, a large portion of the community has access only 
to second generation positives and intelligence gathering or judgment of the original 


-superlatively done. Some agencies. utilize the material for purposes other than intelli- 


a ~ » Promise to satisfy all usera, it may de hest.to make separate reproductions which best 
' . fit the needs of each eS i | 


- 2, . ‘Phe ultimate evaluation of the J-3 reconnaissance system will be made by scrutiny 
s+ ~~ &imagery on the original negatives, ii is recommended that the CORN -targets be 
. displayed as widely.as possible, ‘since they allow a direct quantitative evaluation of 
system performance, and the measurements taken by the attendant ground crews supply 
valuable supplementary data. 


Another important evaluation technique which will be used is a comparison of edge 
traces. This method compares edge traces obtained from resolution targets photo- 


...  §¥aphed during camera acceptance testi with edge traces derived from scanning 
"=... “tullable edges.jn the operational imagery. Computer techniques will be employed to 


.- reduce the Jabor and time involved in edge comparison, 
-o pe 7s | The materia? from the.experimental portion of the J-3 flights will be evaluated and 
se ot uPeports will be, published. The first wilt report-on the effects of different filtration 


+ ©, ,» On the information content as judged by the interpreter. The. second report wilt provide 


™ ~ 


_ 4: ., dnformation on the.usefulness.of near infrared camouflage detection film for assessing 
| ess,” ---wWll describe the reaulte,f the _night light-retegtion teat. --The third. wilt report an the 
.  ~ 9-3 operation which will make use of-ulfrathin base film at the.mission’s end, Also. 
during this operation, a split, polarizing filter wif be used-on the forward-looking 
camera, The effect of de paiarization will alse.be discussed in the third report. The 
_ last diagnostic missian will also provide informatiaa on bicuter photography and on the 
:-",, ; feasibility of replading the present operational 3404 film with the higher speed but 
« _* dhepetyBy- equal quality s6- 230. The report will carefully consider the tradeoffs 
wv, between: any possible loss of quality.due to power resolution with the gain resulting 


__.. from shorter exposures, 
1-2 < a 





~gence and they are as interested. in good data display as in imagery. Rather than com- | 





ror scene C 


. The J-3 camera system has intelligence gathering as its basic purpose, but it has 
‘Jong heen realized that.the system.also provides mych useful mensurational and geo- 
~ metric data, tek proposes that one of the system analysis. studies concern itself with 
.. Walidating the calibrations of stereo angles, determining the relationship of the horizon 
optics to the panoramic optics,, and performing. postflight measurements which wil] 
- indicate the stability of. the panoramic: geometry calibration. — 


- Obviously a great deal af data must be handled if the task is to be done pres: 
We propose that Itek have timely access to all sources of information such as tele- 
metric and tape recorded data. If this information cannot be provided in a directly 
usabie form, we propose that we utilize the necessary methods of data reduction. We 
also propose that we have access to and working space in Westover Air Force Base 
and NPIC. This space will only be necessary while Itek personnel are at the site, 
. Since we are already. acquainted a on m goad terms with the personne] in these facili- 


Sg ties, there showld-be.no probeni"in instituting the ‘cooperative effort required. 


; ‘Another cooperative effort .required.is that with. Eastman Kodak ‘in the evaluation 
'-pf-development and. reproduction. . Here again our Jong association will be of benefit. 


‘Ttek fully expects that these system analysis studies ‘will provide specific quantita- 


* ‘tive data on 3J-3 performance and will also demonstrate the flexibility that the many 


’. Japprovemegts oyer the J-1 system make possible. 
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The J-3 Panoramic Camera System development was initiated because the general 
community realized that sufficient understanding of the J-1 System existed to allow an 
extension of the basic J-1 concept which would increase the information-gathering 


capability in both quality and 


‘became. available. 


quantity. The physical restriction of vehicle diameter | 


=» , Which previously had prevented this evolution was removed when the Thorad vehicle 


--. 7. The constantly rotating-lens/drum concept used in the J-3 camera should be 
., 4nherently bess susceptible to noise than the J-1 design... ‘This improvement, when 


cage 


| + Paired with thé capability af lowser_altitude operation, should materially improve the 
_ intelligence contentof the Photography. Additionally, the availability: of exposure and 


ore and the ancillary horizen recording cametas. The more stable operation of the con- 


>; =élantly rotating camera and the additional calibration shopld strengthen the mensura- 


tional aspects of the ‘system. 


+ 


fie ae tice it is not-unreaganable;-if, 


one-has faith in the evolutionary improvements, to expect 


<p i-. ©: agnore consistent and better. product... Faith alone, however, can nat replace the 
Dee RS. Scientific approach to the qvaluation of any new piece of hardware. The scientific eval- 


so 


~ 


mation ofthe leved.of this 3-9 


improvement is therefore reasonable task to undertake, 


and it is the subject of this proposal. Such an assessment must consider al] system 
factors and conditions, whenever and however they may occur, which affect the final 


quality of the product.. These 


elements must be. assessed so that their individual con- 


tribution to the attained performance level can bé idéntified. Only in this way will we 
ent.asio how. successful one development has been. 
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Phe results of the parametric analysis will identify these factors .which are most 


~, detrimental to the achievement of the theoretically established quality level. Recom- 


+ mendations can, then be made for the ¢ontro} of these degradations te a reasonable 
or 9 1... dtet believes that such a systenpanalysts study is as fundamegtai to-the total 
_.  accomplishment-of the J~3 phegram-aims ge the Sevetopment of the equipment itself, 


4.0 «and sineerely urges favorable consideration of this propééal. 
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The question of whether a specific system has fulfilled its requirements can only 
be answered by observing and evaluating its performance. In the case of the J-3 
System, the primary requirement is to produce “sharp pictures.” Specifically, the 
_ System, through its panoramic cameras, should achieve certain ground resolution at 


20 4 the center nf the forinat fer-a given aftitade:. Independent oF tie altiturle-and the vehicle, 
zi... > Re panoramic cameras should achiewe a minimum resolution on operational film (3404) 


i. 04.110 lines per millimeter. for low contrast targets (2:1), —- 


Be > ..: + Yartous factors affect: the. fesolution-of the panoramic cameras: the resolution 
a: .:° #  #tapactty of the optics (Petzval jens): the resolution Capacity of-the fiim; the focus con- 
ae ,. dition of the lens; the exposure and deveiopment.of the film; and the blur which, in 
vx "o. ty 2 Benerad, results from the-motiog-of the aexial image arross-the film during exposure. © 

wy .  - * The quality ef the dens and film determines the upper limit of resolutton that can be. : 
achieved by any camera using the same lens/film combination. Thus, each Petzval: 
lens is statically tested with 3404 film, and it must achieve a low contrast resolution of 
at least 140 line pairs per millimeter before it is accepted for assembly in a J-3 
camera. | 


ity so * A significant advantage of the J-3 camera design (that-is seldom appreciated ) is 
oo ot + Sods modudar ar subsystem construction, ‘which allows better cogtrol af subsystem con- 
v eh ops. +. Structian and performance. It consists of independent subassemblies that are basically 
i+ > * 4ydinterchangeable. Thus; the lens includes the field flattener element and the focal plane 
‘. «++. snellers-and forms.2 complete optics. subsystem. - De site om a og | 


+g." The lens is designed in such »-way that ite baste resolution will not.be degraded in 


as i. «:~ *°$.@.nermaé operational. environment. . The cell and-tail cone supporting all the optical 


aot s+ “2 elements: are rigid enough to. withstand the: vibration envirosmént of the booster rocket. 


“toe og >) ETERS, 4 alg.of thecell and tail eone-as-well-os their physical dimensions — 
: ~~ .°" Rave-been selected ¢pfefulty so that there is a minimum of focus shift over the opera- 


= tional temperature-(7Q + 30 *F).: Various vibration tests have proven.the suitability of 
.« “ithe lens celi design. (Eyribermere,- each lens undergoes a vibration test 28 a check on 


~s . ci -its. ability to fatein its “resolution after it has been subjected ta.a vibration environment. 


"°, S$ CURRENT ERROR BUDGET 


Eas Ble: | fon 8 | Blur degrades the basic resolution ofthe lens /fitm combination, and this blur can 
~ o. -be attrtbuted to the following general sources. 
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. .. . Ll, Dynamic operation of the camera 
ig : 2...nterface between the J-3 cameras and the vehicle .. 
3 ae Vehicle motions =... —itj. 
.4,: Command errors © 


“The errar budget that is contained in Tables.3-1, 5 ay cia eaeaualve ee 


peaches fall substantial sources of image motio& and the calculated blur values 
vax.) ai which they-imtroduse. -(Alltables-in this section are-located at the hack of fis section. ) 
‘s ~*~ Atmospheric effects and improper exposure of film are.not considered. The error 
budget provides a means for controlling the large blurs through proper design of the 
complete J-3 system. It also allows one to make predictions concerning the dynamic 
resolution that the system will achieve under operating conditions. 


ae It must be pointed out, however, that the error budget attempts to predict the per- 
vse 73.7 formance of the average 3-8 ‘systemand 2not-the-performaace of-every system: Consid- 
_ . erably bettér_predirtions-of the operational performance of a specific camera. result . 
we. from the simulated dynantic resolution: tests performed at Boston and Advanced ant 
_ Projects (A/ P). 


a a red 3 Bhould also he pointed. out. thatthe error budget does not account for quality 
— ake Svariaklon indie film, which is a separate quality control. problem of the film manufac- 
a siseelci Specifically, the-film manvefacturer-must sontroi-tke emubsion turbidity fnumer-. 

ically described-by: the maduiatior transfer function ),- and the popudation distribution of 
grain sizes, as well as other properties ofthe emulsion. The effects of the variations 
in the emulsion become more pronounced in the limitation they impose on the resolu- 
tion of the film, which is determined by the emulsion turbidity, by the gamma, and by 
the granularity. 


kbaeR sees ais The resolution of the film is obtained by photographing targets with lenses sig 
ia, a patna cminares fimetions are considerably higher than that of the film. -A Tough 
ae ~ rule.of-thumb-is that the modulation transfer function of the lens should’ not be es 
é —_ ~ than. 90 percent of the resolutian frequency ‘of the film. | 


- 


ee eer eee Y rules for measuring thé resotution: ofafilm are. essentially. those ‘established 
bt te ~ by -ASA committee PH2-16:+According-to the. ASA committee rujes, for those films 
ve - with a high cantrast-resolutian of Jess than.300 cycles. per millimeter, a specific.0.30 
ae “Pe {-numerigal aperture, i8-millimeter objective-ieng is to be used: “For films with high - 
Sue Se 3 RSS tt ee Adf.sumerieal aperture, 
: 8-millimeter microscape ohjective is to be used. ‘ 


The modulation transfer function of the @=millimeter lens ‘esachon Fi ‘a0 at 301 
cycles per millimeter and ‘tts cutoff. fréqhency As 3. 020 cycles per. miliimetér. The 
-- ++ Fesolution of 3404 film is measured using this jens: The resohition target is phote-_ 
ome : ior graphed 268:4imes-aad-an equai number of-resolutton data points are Obtained. The 
oa é anneal of occorrence of-the datz points at the various resolution levels is: plotted, . - 
oe eeeg apne the. samiliex eceeiae MistieeHon — calculated mean of the plotted 
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... .° and they are not accounted for.in the error. budget. Several tests have been performed oa 
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-... * distribution is 316 lines per millimeter and the standard deviation is 20 tines per 


: ° “1... Maillimeter. Obviousty, ‘the variation in the measured resolution must be attributed to - 


li werietions in the. film emulsion; since. the optical system was identical for ali dath 
“pointe. 9 es, Ble ae ree ee ee 


a 


2 The significance of the above discussion to the 3-3 system should not be miiminter- ~ _ 


preted. Qne should npt:expert a stangard deviation of 2 lines, per. millimeter in the 


.. |. Operatiina? resolutien of thé 3 system, due to variations in the fitm gu ality, sinte the 


resolution of the system is lower than the film resolution. Tt is estimated that a change 
in the film resolution of 20 cycles per millimeter will produce a change of approxi- 
mately 1 cycle per millimeter in the system resolution. ie x2 


Improper exposure and film development also degrade the resolution ofthe film, 


ne -underexposure of the target appreciably reduces the film resolution below the maximum 
yl NOS ro ete le ee a or ~ : | 
ee rs: It is obvious from the above discussion that any comparison of the operational 
_ System resolution to that predicted in the error budget or that obtained with laboratory 


op, a. tests wold ngt we.valicunlessthe performance af the operational tim were determined. 


Therefore, it is proposed that a piece-of the over tionat fitm {5 feet long, exposed, ___ 


and not developed) be removed from the flight spool at Vandenburg and delivered to the 
Itek photography department. The rest of the operational film would then be developed; 
subsequently the film would be analyzed, Sensitometrically, by the photography 
department to determine the exposure conditions of the CORN targets. Then it would 
be the task of the photography department. to provide all interested, groups. with’a filre 


2 agile AT qpaace predictions of the error bedget,. Tables 3-1, 


- 


:.. _-which-wauld-be exposed ander conditions simulating those of the operational film _ 


—, 18 (CORN fargets).~The significance of this threshold curve to the analysis of system 


% - .Fesolution. ig that it would permit one to, separate the.effects.of film ‘Quality and:expo- _ 
2 3: sy Seure-from the effects of camera operation, vehicle dynamics, and-operational control 
*" 2 Of the system... This threshold curve would be-usenl dor making-more accurate predic- 
ere, oe - fons of system performance,. These predictions would be:compared to the perfor- 


as 


2, amd.$+8 and the resointion 


3.2 DETERMINATION QF OPERATIONAL RESOLUTION 


The system analysis shadies must provide us with the means for determining: . 
(1) the resolution of.the operational materiai, and. (33 whether any. malinnctions which — 
_ affect resolution arcurrad during the mission, | | 


2 > - "L> , pelenecsolution ene be deterniined, one must define “regolution” since, in fact, 


oy = there are several interpretations. Ordinarily, resolution is the Spatial frequency at 
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which the ‘modulation, transfer function of the complete system (all the blur: sources are 
-ineluded) intersects the threshold curve of the film.. The threshold curve is deterntined’ ~~ 


_ #xperimentally and indicates the nrinimum modulation ofa sinuacidal image at’which - 
- the signal is barely discernible from the noise (granularity) of the filmi. Since the 


< grains of the fiim are much. smaller than the image detail, the film noise tends'to have =. : 


high froquesey. content; : and the-reguired madnilation for a barely. discernible high fre- 


eae ates _ — quency sigual is much greater Stam that afm Joe sroqumcy sigma: Therefore, the 
threshold curve increases rapidly with spatial frequency. _ _ ab e 


Experimentally, resolution is determined as the reciprocal of the smallest dimen- | 


sion of some pattern that can just be seen in a photograph. Unfortunately, this type of 
resolution depends on pattern contrast, the configuration of the pattern, and unknown 
human factors, since man becomes the measuring instrument in this case. Thus, it 


«i «".l..- becomes necessary to identify.the specific pattern used. in determining resolution. 
es > 4. Dherefore, the term. “sesdlutien,” as used i conjunction with the J-3: system; denotes 


gets. .», the .reciprpcal:of the. smallest.dimension of'the standard USAF three-bar target that 
..- 4, +dan just-be seen.in a phatograph. - Beyond this definition lie serious questions concern- 


~> ing the suitability of the three-bar target for determining the resolution of the system, _ 


- and-nore significantly she adequacy one itself as a system performance 
tues sieiabutin i 

Pas - Thereare. sever inteanta tga, in ‘riihiadagirebubidton. as seyetens Saspeaance 
“ouitecion: Of first importance is the fact that resolution has been emptoyed through the 
years, and the values obtained have a commonly understood meaning throughout the 
photo- optical community. Second, it is easier to test for resolution than for sine-wave 
response. Although the basic data gathering procedure is the same in both techniques 
(i.e., photographing a special target), the evaluation of resolving power data is consid- 

erably more simple than sine-wave evaluations. For resolution. data, evaluation, only a 

-,.% < .microscepe is required, whereas. a microdeysitemeter ia.necessary for sine-wave 

“ ~ ewaiuations: Third, forthe aerial photographic cise, resohition kas‘some meaning in 

that it is an-attempt to measure the capability of a film to record fine detail. Fourth, 

: resolution. meagyres. the aombined-effect af. all the-information transmitting or degrad- 


ae ipa error, vibration, film performance, exposure, processing, viewing, and the 
: _- observer. to other acre sc aa aaa a ——— eae 





On the other fate resolution has waren) drawhacks,one of which is its all- 
encompassing measuring ability. It-often is difficult witha simple resolutiow test to 
pinpoint the cause of degradation in.a system... Conversely, it is difficult to combine the 
resolution capabilities of each component of a-system to obtain a valid indicator of total 
; _. system, performance. It must.be remembered that resolving power is only.a measure | 
ce es ant: pod the ability of.a-systent or filnrte, trnnsagit er record a: particular objectof a partic- 
oe as a “ular ‘eapfiguration, contrast, and size. 


ect 6 ‘Regolytion, like all. single number cxitieria,: is-not a universal indicator of picture 


- a ; | ey: ee — and resolution most ‘aa conflict when aang opie 
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4, ing parameters in the system. jt.can take: Ihéq account the performance of the lens, the 4 


ve MS 


cere | 


oe wuaterial can be auswered fairly easily-if the operational film includes images of 


eee s concern the system saalyst whose.mzin objective is to determine whether the complete” © * 
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+ “systems that possess unusual.apertures or Significant amounts ‘of spherical aberration. 


_ . 20f the information gathering capabilities of the system. - Ba Sie 
. These fundamental questions concerning the use of-resolntion, however, do not 


“sit is not necessarily true.-that a, doubling of the resolution of.a system means“! doubling... 


me am 


op §-8 system has met the design requirements, bécanse the requirements are Specified in _ 

« ~~ terms of resolution determined-by tifethréee=bar target... Theréfore, the-starting point — 
of the system analysis studies should be with the results of the resolution tests per- 
formed on each instrument at Boston and A/P. 


3.2.1 Ground Targets 
The question concerning the determination of the resolution of a specific J-3 
system (the complete system including the vehicle) as evidenced from the operational 


| resobttion targets. .To accomplish this, one would fave to lay resolution targets some- 
“-" where on the ground. ..There is & serious practical prohiem associated with this. tech- 


- ... > Bique.- The targets-can only be laid at certain locations. in friendly. territory. Thus, 


a ~they tan only. be photographed. during engineering passes, and then they are more useful 


“4 to enemy reconnaissance satellites than to our own because they do not lie on the . 


" .° ferritozy that-requires photography. 


In addition to the problem of placing targets, most of the targets are obscured by 
cloud cover. It is reported that an average of about two resolution targets per mission 
are photographed by the J-1 system. 


It is proposed that a large number of resolution targets be prepared for each 
mission so that at least 12 targets might be photographed on the average. It is obvious 
_-~.~ . that the most significant advantage af the ground targets is that they provide a simpie | 

ang: dinect megsurement af syatere resolption.. At the same time it must be remember- 
_.= 2d that resolutiog is.a statistical quantity and cannot be determined accurately bya 
-.. .. single measurement or a small mumber of measurements. 


ae 





lution and gray scale targets. The images. of the gray scale targets should be traced 
with a microdensitometer and, by. utilizing the D-log E curve generated from the oper- 


“Sinise Sibi Owe] Sieg, tee: depsity measurements should he-conyartad to-tog E valhes. Then it 


* .« will'te possible fo deterating the spgarent-comtrask of the ‘eesotution target as it 


--, appears through the atmosphere to the panoramic cameras. 
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+ Ce geo. The edge trace technique for determining the operatidnat system ‘Tesohition ig "eu 
- ~~" discussed in the following section. . This technique avoids some pf-the practical diffi- .~ > 


io _ ° “tulties.of photographing ground targets, but it presents problems of its own.” The. 
* “most significant drawhack of this‘technigque ts that it is-an indirect method for -deter- 
or + "mining. resolution.’ Since-neither of the two methods (photographing: ground targets —-. 


- > * anduedge trace analysis) és satisfactory -by itself, it is proposed that both be used in “ 
“+ wesw 2. othe system amaivais studies that they may complement each other. -. eee SN A os 2 


3.2.2 Edge Trace Technique 
BE SEE OE CHnI que 


The resolution of the operational film could be obtained more conveniently if a 
technique were available that would permit one to make some density measurements 
on the film, process them, and come up with a number which is approximately equal 


eve tothe true resalutian of tha material. This seems quite feasible sinre the basic in- 


‘. 2 “st formation js present On.the developed film: -in fast, edge trate maeserements and 


“us iv proper ‘analysis of these-measurements shouid provide the answer. 


- 7.2, tthe change: in. density between two. areas of.contrast density in the developed film which | 
:°.  .3 c@ppear to be separated by a “sharp” etige. During tke measurement,. the microdensi- 


oy as to 1 Agr edge tree ig obtained: by measuring and-recording, with a microdensitometer, 


ae ae ae -sttometer’s aperture is ‘moved pe pend ly to the-edge ard the change in density . % 
+c" 7 fram onelevel. te tie ether and across the edgeisrecorded| = =. 2 


While the nature of the edge trace measurements is well understood, the methods 
of processing the measurements have been rather controversial. In several cases, 
some of the methods have been known to give erroneous and inconsistent answers. 
There is no doubt, however, that the edge trace measurements contain the needed 
information, and the proper conclusions can be drawn by developing a: sufficiently 


Pee 4c auetined data paduction technique. .Some of the difficulties arise from the presence of 


-. 1. fthn spise {granularity} and others from the-fact that. “resolution” is not Weill defined | 
1. mathematically. Oe er ane | poe fre Se ae 


“y 2 37m could -objaiathe-respoase of the-aystem to-an impulse by taking the derivative 


a. -.—°-sf the edge trace. fhen, the modulation:transfer function is the Fourier transform 


"* «of the derivative-of the edge trace.. The resolution is then obtained from the modulation 


: + °\" transfer function by observing its intersection with the threshold -curve of the.film. 


aw 


7° &. % > apeless by the presente of-fiim noise ‘tn ‘tre-edge trace. Wher the dertvative of:the 
.#. @dge trace is taken, the film noise is tremendously enhanced; and accurate, repeatable 


. 2.0. 2 modulation transfer function cannot be obtained. - Attempts were made to filter the 
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-. hoise before differentiating the edge trace, but they faited to.improve ‘the repeatability | 
“>t of the.fitial product. . In fact; experience-with edge traces kas shown that’ good results . 


'. +. s.€an beobtained‘only. when a: miaimam number of operations are performetionthe  -. < 


i Oe ‘edge traces: ‘Thus; what ts needed is a teehnique-of relating the efige trace profile 
_" « directly to.resplytion by one.or, at the most, two operations and definitely without _ 

differentiating the-edge trace. :. Theoretically;-this has not been accomplished yet, 

Sas but instead are experimentally determined quantities. 


It is possible, however, to experimentally correlate resolution and edge trace 
profile. In fact, this is the solution to the problem of determining resolution from 
edge traces. Even though the relationship between edge trace profile and resolution 
may not be explainable theoretically, it can nevertheless be established experimentally. 
"os - » ..dherefare,.it is proposes that the first part of the. system analysis studies begin im- | 


“2m. . ” *.amediately.witirthe development of a-retiable edge trace technique. This should be 


Co hee 


he 


ann 


Pts '” divided into-twe tasks....First,a-technical literature. investigatibn-would be conducted, 


_ 7 (sincé considerable accompiishments have been made in previous work) to provide 


: ~° °3 ‘the theoretical basis for the devetopment of the edge-trace data reduction. technique. ; 


° 
Myo ae 


oe) 


oh 


 y '. Task-two, to be run almost simultaneously with tasic one; would be an experimental 
". # investigation which would establist-the forrelation between resolution and edge trace _ 
va' ar Prffile.. The ithn to be uamd for, tasktwp would be 3404 filnr-which contained images 


'- Of sharp-edges. and resolution targets which were photograpked- simultaneously. ; 


Actually, photographing the standard USAF target should be satisfactory, because 


the target includes a large square. Unfortunately the targets used with the target 
wheel for determining the resolution of the J-3 panoramic cameras are only smail 
portions of the standard USAF target and do not contain satisfactory edges. The 


+ s+ Fequirement.tor photographing targets and edges can.be met on either an optical bench 


fo os Orcia the dynamie-tests, provided that acceptable targets are mounted on the target . 


-. Wheel. The optical bench._requires only one target, an experimental Petzval lens, and 


a “ga good collimatpr.-: The target must be photographed many times and in such a way 

~ 9" that-a range of resolutions from: 26 to.140-lines per millimeter is xchieved__ ‘This can 

die date | be atcomplished by praperty focusing and defocusiag the collimator. Obviously, the 
par eset collimator’ s.modulativgr transfer function must be considerably:higher than that of the | 


4 


(J nothed > yr? A smewhet different methodnt Shtainiag tmages:df.resointion targets that display | 


arp ations” “uF resdiutioh {28 to 140 lines per millimeter ) would be: to run photographic 
| tests in the L-block with a panoramic camera and purposely mismatch the target 
(oe. “- > Wheel speed to the-camera’s FMC rate: The result would be a Joss in resolution due 


= - ~ . to the artificially ioduged: image motio# in the FMC direction. Fora specified rese~ 


aR et eget lution valne{less than.140linas-per miliimeter)-the corresponding edge trace profile 


ess a me tee ~ -_ 

a5 * ‘ it fas =. 
ST he a i. “ 2 ae 
- ‘< 3.7 


~~. «a aetained by defocusing the.coHimator would be different than that obtained by image 
Anption. Since it.is. anticipated that, in the J-3 system, the loss of resolution will most 
.- ~~ probably be due to.image motion, it is recommended that instrument number 299 be 
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_, utllized in conjunction with the dynamic Simulator at.the Itek 128 facility for obtaining - 
* _. 4 <lresolution photographs that contain various amounts of image motion,. Targets can 
be provided for the target wheel: such that both resolution targets ‘and edges can be 


— boss * itis expected that the edge trace profile will change-slowly with regolution. As. on 
“ss many edge traces as passible will be obtained from each resolution target-using a 
sv. <.". seprodensitometer. . These edge traces will be trientified with the.group numbér and 
 *-* - target number which is barely resolvable in the target, rather than resolution in lines 
per millimeter. Then, all edge traces identified with the same target number in all 
the photographed targets will be averaged to filter the film noise and to Obtain a stan- 
dard profile for that target number. Thus, the end product of task two shall be a set 


of standard edge trace profiles, each one associated with a specific target number. 


— such abrupt.changes in reflectance, except: perhaps where a body of water is separated 
rc, £:.:from dry land. On the other hand, man-made objects, which are definitely more in- 
‘+. --#deregting tothe photointerpreter, abound with straight edges and sharp changes in | 
lot refiectanesd. “Uniorhmately, tae.to. the scale invotved, ‘Satisfactory edge traces-‘ran be - 
. obtained only from objects Jarger than approximately 80 by 50 feet.:-Under these cir- 
cumstances it appears that one should be able to record good edge traces from shadows 
of buildings falling across a street or an open field. 


Thus, it seems possible to state some of the requirements that might be imposed 
on a ground object which is expected to produce acceptable edge traces. First, it 
:' 3 ~42'. Should consist of two areas having separate amd approximateiy. constant reflectances 


og 7 sy 8Q by 30-feet each. The.reflectances of the areas need not have a 2:1 contrast. The 


~~ threshold curve of the film... Furthermore, the edge trace wiil be normalized when 
a ays . compared ta the.standard edge trace profiles, ‘However, due to the presence of film = 
fey: noise, itis-very igpartant thet the contrast of tke two areas séparated by thé edge 


wey 3 
ca 7m 
~~ 


expected fo be better than 6 feet, the real edge may actualiy bean area as wide as 
1 foot without seriously affecting the accuracy of the edge.trace data reduction. 


om _— er wasdlt is obvinss front the preceding discussion thet qne:-shonid be very: selective when , 
a es trying: te: decide Which-of the edges appearing on the film’ should be analyzed. In fact, 
"4°, Gme would have to search the film for proper images. However, it should not be. 
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es difficult to find acceptable images if the operational film includes pictures of populated 


ta nga 


a 


' 2, 6equent:contrast. between. two adjacent fields,.may be rather low. 


tue op Abter the edgé image on the film-has been selectad, it wilt be traced with a micro- 


. densitometer and an edge trate will-be otgeined, ‘both graphically and in numerical 
+ +- form-eomputer carts) so-thatit caw be-preceseed in a computer. Then, the computer 
would compare the edge trace to the standard edge trace profiles “determined in task - 
two and select the profile that best fit the edge trace ina least-squares adjustment. 
Itis then assumed that the target number associated with the best profile would have 


been the barely resolvable target, if a standard three-bar target had been photographed. 


Thus, the spacing of the bars in this target would provide the system resolutian in | 
- lines per millimeter. | — | 


vy ew Oe os The. edge-trace technique fordetermiting résolution should be at least.as accurate 
_. 4.» <"aS photographing-and reading three~bar targets. Many people ascribe accuracy to the 
; oes. ,three-bar target. that does: notreally exist..-A simple examination of the three-bar 
° » .. :target shows that each target number is targer than the previous one by a factor which 
woo ae ois the sixth root of two (1:122)7 Thug, the scale change from one target number to the 
-.7.." \:  _.smext ig approximately. 12 percent. -When the standard three-bar target is used, the - 
aot on we * rget surber hich is barely respivable determinas the-reéblution: | Pherefore, due 
| | to the quantized nature of the three-bar target, a system’s resotution ‘is described 
by one number from a given set of numbers where successive numbers differ by ap- 
proximately 12 percent. Hence, the accuracy of resolution determined by the three- 
bar target cannot be greater than 12 percent, 


3.3 ANALYSIS OF SYSTEM PERFORMANCE | | — 
A a: +e vy After the operations |_resetution af & J-3-system has been determined, the task 


#4. Spied during the mission which affected.the general perfarmance of the system, and 
- ._* s -Spseificalty, what.ceeured which might have degraded the resolution. ee 


: = | oe “nw it firs{, the operational resojutior must be compared to-the preflight resolution © : 





malities during the mission: - 


3.3.1 Examination of the Photographic Record 


case. geen 3 » Examination of the data recarded-on,the panoramic frames will disclose important 





. areas photographed at low solar aititudes...Alternately plowed and cultivated fields may _ 
. produce acceptable edge traces even though the change. reflettance jevel, apd Sub- < - 
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oe ‘information about the operation of the panoramic cameras. The timing marks and. =. 
._ the nod'dots will be-used for this purpose. — ee E ; 


£. 


-. <The. numberof timing marks over 2 specified section of the format can be con. 


-. > verted to a.cycie time 


ox period af a complete scam rotation which will indicate if 


~».-. the camera was operating at a Scan rate consistent with the correct V/k.” In fact, the 
‘relationship between the cycle period and the number of timing marks Over this section 


_° Of the format is: 


Ty = 2.57 x 107? Ny _ a | (3.1) 


where T, = cycle period in seconds 
Nt = number of timing marks over 70 degrees of scan angle 


indicate that while the 


Cc . o=— 


7 ) > Large, slqw.variations in timing suark spacing over the length of the frame would 


camera was operating the scan servo may have been out of _ 


control, However, abrupt changes: in the timing mark spacing, like extra or missing 


cos Pulses, would indicate. 


+ 


vo 
aod 


probable maMunction or noise in the timing mark circuits. 


'.,,: Variations ig the spacing of nod dots are expected and indicate mechanical vibration 
2 ip the. camera structure or FME. mechaniam, Eke nod dot-spacing.caa be analyzed 


‘for the purpose of determining if the FMC mechanism is operating properly. Missing 
or extra pulses most likely result from electrical noise in the xenon flashtube circuits. 


It may happen that some instruments have higher resolution in the FMC direction 
than in the scan direction (at the center of format). This effect could result from large 
blurs in the scan direction due to excessive roll rates af the vehicle, whose least stable 


~ ", /#Polling, both panoramic éameras would be affected, and each of th 


* i. . Sameras woujd. show-reduced resolutian in the scan direction. 


-., -  @sis is the roll axis.. In this case, it ig possihle.to-yerify the existenge.of large roll 
oe gaa “Tates by exatpining and Gonelating the panoramic photography. Hf the vehicle was 


€ two panoramic — 


_ ar z Si edsd 2 DISIC: Imagery ~ aaa 


eee ae 
* 7 ans 2 
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< explaining. reaciytion ions ia the wuprapuc imageryy., Recause of:its iarge cayerage 
>.” {one frame of the index camera ‘@overs several frames of the panoramic cameras), — 


the index camera will more clearly show a weather front and areas of cloudiness and 
haze. This can be used to provide an indication as to where, in the panoramic imagery, 
one would expect to see a reduction in resolution. due, to hazinees or the proximity of - 


cloud cover, 
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. data acquired during the mission... These tapes contain extremely. valuable information - 
* about the operatton of the system; and are expected to provide positive answers about -: 
"Various factors: that:bear upon system performance. The.informatian that is being ~ 


>» necorded‘in the diagnostic tapes includes the firing of the attitude + jets and time data, 
Joy. as, well as the outputs of. figs dae function monitors. 


3.3.2.1 “Kitiude Jet Firing 


The knowledge of when the attitude jets have fired will answer questions as to 
whether the vehicle was experiencing large disturbing torques. Also, changes in the 
resolution of the panoramic cameras from before to after jet activation might be 
correlated to and explained by the jet firings. Initially, the purpose of recording the 
jet firings was to monitor any sudden changes in attitude that would affect.the accu- 
racies of making maps. Obviously; ‘the-recording af the jet firmes wiso provides in- 
Rabanne as40 the changes of the ‘vehicle rates reguiting from pe Cpsraten of the 
- vehicle: ‘control. ‘System. 


3.3.2.2 -Time Data 


: The recording. of time date’ is valuable because it allows one to correlate the in- 
a r formation reporded by-the tape.recorder’, Banorantic. imagerz, DISIC. imagery, teleme- 
~ try data, and the tracking and orbital data. 


<i - Te 


3.3.2.3 System Function Monitors 


As mentioned, the diagnostic tapes record the outputs of 120 system function 
monitors. The outputs of these monitors are sampled by utilizing commutators, and 
recorded on two channels. Thus, 60 monitors sequentially time-share one channel 

and the other 60 monitors time-shere the pein eee  The-system function monitors 


oe oe : are described jn Tables 9-4 and 3 3-5. 


"5.3.3. Telemetr Data, bg oe er a ee 





ia ee - ork iiggliticdiet austisnod tutarniabion about tire sysiseederatias is telemetered 


: to ground stations during a portion of each orbit. .:A large part ofthe telemetered : 
"data is pertinent ta the systemuapalpsis studies... -This data iegenerated by monitors. 


gree ne eonsora.leeated.stuarious paints in the syetertr. Fhe monitors relevant*to the 
i  °2panoramic camera operation andthe temperature sensors are discussed separately 


in the following paragraphs. | _ 
3.3.3.1 ‘Monitors-Retevant io Panoramic Camera Operation 


a . Pee operation SN gc ras acre is monitored and 
". framsmitied through the telemetry syeteny: . 


l. Filter position . 
_2.. Slit width position | 


~“$-1b- 
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..“9. Slit width faftsafe 
; «+ . 4. Film change detector _ gh i. a) oo 
| - 5. Fachometer.feedback voltage — ; — 2 Pag Me aS 
.. .: 6. Servoamplifier output voltage | i : 
« . '*,%. Drive motor voltage = . 
. . 8. Cyele counter | 
-.%. Center-of-format switch 
0. Horizon optics platen position 
11. Metering roller potentiometer 
12. Idler roller potentiometer 
13. Framing roller potentiometer 
14, Shuttle position 
15. Center-of-scan switch 


—*. °° 81 @.. Supply spool] matar. voltage 
_; «.. .1%. ‘Takeup. spool motor voltage 
: . .° 18,..99/104 clutch operation 
on AB. Cleck serial word , | , i. 
/ «#13205 Real Time, Command-and Stared Program Command status monitors 
- ,. “21. Yaw programmer 
+ . 22... Horizon optics platen solenoid | 
- .«- +, 23, Horizen optics shutter solenoid ~ 
24. V/h control voltage 
25. Voltage and current monitors 


3.3.3.2 Temperature Sensors 


en The recording of the temperature of various critical components of the system | 

.-« .-+dndicates directly whethex.these companents Temained within their designed operational 

+ 2 ,, temperature range... Some components; Hike transistors, fail when they are overheated. 
” Others, like the Petzval lens, suffer.a deterioration in performance either under ex- _ 


“* 
a 


op 4° s. emperature sensors are-placed at the mounting poinis of. the deita structure to 
Sees. 7” te vehicle far the purpase of testing the paint pattern applied on the external surface 
< at “ OF the vehicle, -- These pensars also progide dnfermation aimat-changes inthe distance 
oer , + “Retwees the nodding: shaft and the upper mounting point of the FMC linkage. This is 
ee ~ a critical dimengion in the FMC linkage, An increase of this distance. from its ambient | 
dimension reduces the stereo angle. .: Thus, temperature variations in the delta struc- 


S . +, ture affect the stereo angle, buat ja the magnitade of arc-seconds. The performance 


2 se =, of the, sygtem.is nat.degraded, but. since the sterece angle is calibrated at the West 
*. . . £hanges during the mission’ Actually, if the stereo angle has undergone changes, the 
* i. (.\Changes would be detected by the nodding shaft encoders of both panoramic cameras. 
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.Thus, very accurate measurements of the change of the stereo adgle will be provided by — 


: :. the displacement of the zero nod dots ‘of both cameras from their initial-positions on 


"the fozmat.: Fherefore, the.temperature data related: to the stereo angie should be cor- =~ 


“related with the information provided by the nod dots. 


Te So xO temperature sensor is located on the scan drive motor to record any overheating : 


Of the. motor due either t9 excessive overtpading of the matos-or insufficient heat: 
dissipation. 3 a ae 


A temperature sensor is attached to the power amplifier portion of the scan servo | 


electronics. A very high temperature measurement by this sensor could be correlated 
with a possible failure in the scan servo, and it would identify the overheating of the 
transistors as the source of the failure. 


oo eS * wa Ore are temperature weneors en the film guide rails for .the Purpose of moni- 
foc, Lt toring the dimensional chaages bf.the rails anil thus the-changes ‘inthe panoramic 
“= 4. geometry-ealibration of the. rail holes. . | " | | 
(7° 2) 2°: Figally, there are two temperature sensors on the Petzval.jens because it is known 
_ * » uthat the leas resolution is:reduced when.there are large temperature gradients either 


heege . along or across the lens system. 
“ott eo. Jt haa Been mentinoued that: in the-J=1 system, the temperature ‘data has usually - 
AU ~ been reduced sc that the average temperature per orbit of a temperature sensor was 


obtained. Though this type of information may be useful for testing the temperature 
control system, it has very little value for the system analysis studies. The tempera- 
ture sensors should be sampled frequently during the photographic passes so that fast 
temperature oscillations may be recorded faithfully. 


; . %..., 3:3.4 Ephemeris.and Tracking i ; | Be : 
‘c* 2 1. *. Therorbital information provided by the ephemeris and by the tracking stations is 
| &, 4 -very valuable because it allows one to establish the correct orbit as a function of time | 
eo. a camdythas, the-true V/h as ‘3 functéon of time, “Kaowtedge of the altitude 282 function of 
s ‘, 2, i dime is also: important because # is necessary.to determine the scale factor between . 
“+ . 7) panoramic image dimensions and ground distances, The scale factor permits ecorre- 


F “te 


(“~~ SR UMRALYSIS OPERATIONS... -_ | | 
It is obvious from the above discussion that a significant amount of data is to be 
ae examined, processed, and evaluated. ‘Phis can be accomplished efficiently only by 
ano utilizing a computer. Therefare, ‘the computer. programs described in the following _ 
aa... 3 3 cho pamagrapheemuitst be writtes and checked ont. = (“l- pi =; 7 oe 
; name. ee © -A computer program must be developed for averaging the edge traces obtained 
a"... from the resolution tests performed at Boston. The output of this program would be 


ech le tation between isoage resnjutinn in lines per millimeter and ground resotution in feet. 
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| 2. A computer program which fits edge traces obtained from operational material 
-- ‘, 0 the standard edge trace profiles in a least squares sense must be developed. This 
. «program is also needed to check the.standard. edge trace profiles obtained from item 
- +. «1 (above).and to statistically establish the var .of determining the resolution by 
_ the edge trace technique. -Jt:should also. be made clear that, when the edge trace tech- 
_- Rique is used for determining the regolution.of the operational material, as many edge 
. +: taees as possible should be processed with this computer program, and the final — 
sw, '. 1. Pesolution should be. tha-meay of ali the resolutions abtained by individual edge traces. 
In this manner, the final resolution will be a statistically determined quantity, 


3. Separate computer programs are needed for examining the diagnostic tapes 
and the telemetry data. As far as it is possible, this search will be conducted by devel- 
oping a typical data output for each of the two sources of data and comparing it with 
the data obtained during the missisa. . Thy, one ghowld be able ta scan the data rapidly 
“a os 94, it the. computer-aed cheek it for abnermaijties, if the data differs significantly from 
4, to. + the stendard.data, it would then have to be examined more closely, 
ae ‘The orbital-data will be recorded according te pass number so that V/h and altitude 
~ would be readily available, es ee 


2 3.5 DATA REQUIREMENTS AND ACCESS TO: FACILITIES | | 
For the resolution analysis, it is required that a first generation positive of the 
operational material (panoramic and DISIC photograph record) be available at the 
National Photographic interpretation Center (NPIC) or Westover Air Force Base for 
scrutiny by the systems analysis group. This positive will be visually examined by the 
group for the purpose of selecting appropriate images for edge tracing. It is also | 
-~- .- necessary to have access-to the original negatiye for the purpose of. evaluating the 
"4 ajo: CORM target images and Qhiaining the desired edge traces. It-is preposed that 
> Westower Aie Force Base, provide. adequate space and. equipment for the systems 
<4 analysis. group to view the negative. (A similar area may have to be provided in 
Austten ‘Washington. }--At- the-present time -it:ia-anticipated that ‘an: diijuminated. viewing table, 
+ ‘ay. @ bench, anda desk: would pe sufficient, The base would also supply the systems 
--. “¢ @nalysis group with the desired.edge traces obtained with a microdensitometer from 
atc othe original negative, and arcasiqnally supply the group with 2 small number of special 
= + cow, tints reppeduoedt yedex, various snagmification trom the-ariginai negative. 
secihete - A complete deveription ofthe CORN ‘targete-end photometric aml atmospheric 
: measurements made at the time of-operation as well as mission plan information is 
required. The orbital data-is.processed by A/P. and should be made available to the 
aes systems analysis group, both in the form. of IBM cards and copies of the computer 
7+ 4. <= Brinig. The talemetric date sheuld be recorded bath ou visicorder paper and analog 
> Sse eS Mag eicrtepe, sinee it will be nevessary to convert. it to either IBM cards or com- 
~': *  ..«, puter magnetic tape. The data of the recoverable tape recorder Should be made avail- 
. ©, able. on-visicorder paper and IBM cards. 
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- Table 3- I — Cross- Track Blir Budget, 24 44- Millisecond 1 Exposure, 
. 80 Values, 3404 Film 


2 a 9 


” Aceuracies sf 
Assumed 


& Microns,- | 
100 nm 


Error Image iiss aes 
Type 80 nm 
Camera Sources 
Vibration R : 2.0 1.0 
Film Hft 9.2. 8 01.78) * 3 1.48. 
“a  ° .. Lens distortion O83. | OBA. 


, 0.007=ineh film lift 


FSS microns, distortion i 
>. at edge of format. 


+0.002 inch 


ta 


‘Nodal point F.- 044. 0.36 
. location 


 -. Crosa-track image S° 
motion 


9.8 sin 20 7.9 sin 26 


Interface Sources 


Yaw alignment F 0.24 cos’ 9 0.19 cos? 9 11 minutes i 
‘Pitch alignment . F 9.11 sin29 0,086. sin 2@.. 11 minutes : 
Vehicle Sources _ 3 . 
we a gs : - + Roll. attitude ae , ee Q.17.sin? 9 0.13. sin? 6 | 0.54 degree 
ees 2 Naw attitude ..  R- -.d.11)-cos*9 . - 0.89 cos’ @ . _.0.84 degree 
Bet clea, , : ..Yaw- programmer et iis 1.29 cos?'9 - .. 1.06 cos’ 9 ‘.. bdegree | 
Coe Soe Co tas Piteb giiiude 9... Ro... 0.42 fin 26... ~.. 8.83-sin 20 --- . 0.70 degree 
Roll rate 9 R02. es. OAR =, 48 degrees per hour 
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. Table Be. — Along “Frick Blur Budget, 2.44-Millisecond. Exposure, 
86. Values, 3404 Film 


Camera Sources 
Vibration 
IMC servo 


.. IMC cam error 


- .  Uncompensated 
_. ~ image motion 


+ Interface Sources 


Orbital . 

determination 
V/h command 
Roll alignment 


Pitch alignment 


- Vehicle Sources 


oy: SPitebattitude 


Terrain height 
variation 


Error. Image Blur, 


Type 80-nm 
R 2.0 
R 2.23 cos 8 
-R. “2.23 cos @ - 
ae. ee EBS: 
-R.. 223 coa6. 
R 2.23 cos @ 
F 0.24 sin @ 
F 0.120 cos @ 
R 0.68 sin 8. 
Rm. GAT con. ae 
R 10. conf 
nm OR. = abe @ 
OR. 0.36 


. Microns, 
.100 nm. 


1.2. 


1.78 cos 6 
- 1.78 cos 6 
- 4.48 


4.78 cos 6 


1.78 cos @ 
0.19 sin @ 


0.095 cos 6 . 


. . 0.54 sin @ 
0537 cos 6 
0.10 cos. 0. 


7 0.40. sin 6 


_ Accuracies 
* Assumed 


_ 3 percent 


3 percent 


. At edge of format - 


3 percent 


3 percent 
11.4 minutes 


11 minutes 


0.54 degree 


. 0.70 degree 
44.4 degrees 
‘per hour — 
.- 144 degrees 
..per hour 
.”. 8,000 feet 
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Table 3-3 — Performance Predictions, 2.44-Millisecond Ritoeure: 
2:1 Contrast, 20 Values, 3404 Film 


Along-Track Position Cross-Track Position 


in Format a Format 

At 100 nm OF RF 0° ~ 30° 

» Blur, microns eS ee SY ee or 

"Resolution, lines per millimeter - 185. 137 1384 —~Os:s«@ 

- Ground resolution, feet ~~ 76 0°87 2° on 14.9 
At 80 nm 

Blur, microns | 3.28 2.93 3.56 11.90 

Resolution, lines per millimeter 128 132 126 72 

Ground resolution, feet 6.4 7.20 . 6.5 13.2 
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» Pin 


. 1 -Cabtibrate one-half. 
2 Program seleet—tives 
3 Program select—units 
4 Left and right stellar platen position 
9 Pan no. 1 and no. 2 exposure cont. —fives 


6 Pan no. 1 and no. 2 exposure—units 

7 Terrain platen position 

8 Yaw programmer enghle/disghle—nits 
_. 9, . Yaw and oblateness operate... he 
10 _ Recavery made and fairing Separate - 34 


ww Ad Eccentricity function position. - ee 
ia 4«cycle counter — s 
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Tabie Ont 7 ayaee Function Monitors, Biaciane Commutator Ring A 


Description 


37 
38 
39 
40 


41 







| 45 
+ 48 


- dae 


ae 19. _Operation select control : Pes a 
a -Pan-tio. 1 and no.. 2 slit width; failsafe + PE 49 
- 15. Calibrate zero ao ig - 49.50 


y 


16 - Pan no, i cycle counter 1,000’ 5 8 
17 Pan no. 1 cycle counter—100’s 

18 Pan no. 1 cycle counter—10’s 

19 Pan no. 1 cycle counter—1’s 

20 Calibrate zero 


21 Pan no. 2 cycle counter—1,000’s 
.. 22 Panno. 2 cycle counter—100’s 
..23 Pan no. 2 eyeks counter—10's 
24. Pan no. &.cycle caunter—1’s 
. 25. DISIC control selector . 


26 -DSIC: terrain “cycle ‘counter —1, 000's 
» 27. DISIC ‘terrain cytle counter—100’s 
28° DISIC terrain cycle counter—tI0’s 
. 29. DISIC. terrain cycle Sounter—1’ s 
3D Calibrate plus- = 


Cee eh: “FMC, tosetion ovtpat voltage 
. 32 .V/h eccentricity start command and. 


33° Pan no. 1 slit positim 2 0 
x « 84 Pan no. 2 slit position 
ag, OR. RISC sce and terrain exposure 


52 
33 
o4 
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56 
o7 
58 
1.89 
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operate relay. 


] Pin 


. §t- 


© 60. 


“Description 


3@ Pag no. t filter position 


‘Pas no. 2 filter position _ 
Emergency bypass enable/disable 

Pans exposure command 

Pan no. 1 and no. 2 film change detector 


Exposure control delay Select—fives 
Exposure control delay select—ones 
No..1 takeup Spool and film diameter 


i<'s “Pan ne 1. operate. voltage 


Na. 2. takepp. Spool and film diameter 
Pan no. 2 operate voltage — 


4%, Stellar spoot and film diameter . 


“DESIC operate command and 1 RPC cam 
Terrain spool and film diameter 
Operate selectar ne. 1—fives | 


Operate selector ne. i~—ones 

Operate selector no. 2—fiyes 

Operate selector no. 2—ones 

Camera control and operate mode 
select—fives 

Camera control and operate mode 
select~~-ones 


BESTE mode select 
Calibrate zero 
Sync 

Sync 

‘Sync 
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 Tabte 3-5 - System Function Monitors, Electronic Commutator Ring B 
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Pin Description Description 
1 Calibrate one-hatf . 31 Pan and terrain door separation 
2  115-volt. 400-cycle voltage (Cc phase) 32 Total payload unregulated current 
3 Pan film door and DISIC C & S position 33 Terrain capping command 
4 PMU outlet pressure switch A and B SRV separations 
5 PMU bottle pressure “A” SRV recovery battery voltage 
6 Total payload unregulated current “A” SRV water seal positions 
-T. ,@4-volt unregulated. Soe . “BY: SRY recovery battery voltage 
* 8 Pyro current “ s : “BY SRV water sea] positions 
(© 9 ..Panno, 1 drive motor voltage. At oe V/n start level setector—fives 
ae 10.. Ran no:-1 tachometer feedback voltage _ V/b start level selector —ones 
. " 21. Pancno:1 drive motor-voltage: B . ' V/b half-cycle teve] select—fives 
'¢ 012. Pan no. 2 drive moter voltage ‘A | V/h half-cycle level select—ones 
13 _Pan.no..2 tachometer feedback iia: -,  'V/h delay start selector—fives 
7 .: .J4 Pan po, 2 drive motor vattage B. 4 V/n delay start selector—ones 
15.. Ctock internat @4 volts . - Total payload unregulated current 
16 DISIC motor voltage Pan no. 1 output idler rotation, 99/101 
17 Yaw and oblateness position clutch command 
18 Yaw resolver output Pan no. 2 output idler rotation, 99/101 
19 Total payload unregulated current clutch command 
20 Pan no. 1 supply motor voltage Pan no. 1 angular position. CF command 
..21 Pan no7'2 supply motér voltage a ole oneal position, CF command 
-22 Pan no. 1 H.O. platen positions i oo 
:* . »°23 Pan no: 2 H.OQ. platen positions . Pan no. 1 output idler 
é ~*% ° W244 Pan no..d H.O. antien _ BPMRer: Pan no. 2 output idler 
"Ok. ha te COmmmand - re ~ “Panno. 1 frame nvetering rotation 
7 Pan no. 2 H.0. platen and-shutier: aE amie -Pan no.-2.frame metering rotation 
ae oo. ° Command =~ pe. es . Pan no.:t supply. metering rotation 
ee 28 Left and right stellar capping command Pan no... 2. supply metering rotation 
oO Lot ei Ed Pan ne. and.ne::2.taunch mode (Calibrate zero 
-. 3. QB: “Terrain and stellar ctotch commands . ~ Sync 
_ 29 Calibrate plus~- «= - = Syne - 
. Syne 
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-. 4. PHOTOGRAPHIC ANALYSIS 


Whereas Section 3 dealt with the first portion of the overall J-3 performance 
analysis (i.e., the identification of the reasons for variations in the J-3 photographic | 
quality induced by the hardware), this section deals with the effects on image quality 
emanating from factors external to the equipment. This general category, of photo- 


-, Sraphic variables ineludes expqeure, Eiterseleetion; atmospheric haze, and film 


~. + Processing (reproduction), The prime objectiye of this portion of the system analysis 


Py ge, go of The secondary: 


+ 


>. 


‘. Studies Will be-ta identify these photographic variables and assess their effect on the * 


. <OVerail performance of the J-3 systen::.Thig effort is described in Section 4.1. 


objective of the ‘photographie analysis ‘will be concerned with the 
evaluation of the satellite test program. At present, four J-3 missions (CR-1 through 


reconnaissance techniques investigated to date under the EXIT: Program: The basic 
goal of the EKIT program has been to evaluate new and promising photographic tech- 
niques for use in satellite reconnaissance. Such techniques as night Photography, bi- 
color, new films, etc., have been evaluated for their potentia] J-3 use. The basic 
approach of the EKIT series has been to use a high-flying aircraft, with a camera 
Similar to the J-3 camera, to gather the test Photography. From the analysis of this 


|*+.-<: 4 photography,a.r .commendation.hag bgen.made.on the applicability of each of these 


:, i techniques-for satellite use, 


It is the uRtimate goal of the photographic analysis work toestablish a’ data base 
and computer programs which wil] allow the routine analysis of J-3 photography. In 
this manner we will be able to continually monitor the performance ‘of the J-3 system 


aa ee _ basis so had, imprynements can be programmed as aon as possible. Thia compute; | 
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4c 4.E- PHOTOGRAPHIC “EVALUATION . 


. r. . 4 7 


ee precisely defined concept.. Many factors enter inte a digcussion as.to whether or not 


"an image is good or bad, or better or worsethan another. However, the major factors 


. Which effeet photographie Performance ‘are known, can be isdiated, and will be evaluated. ; a 


The major areas of investigation in thie portion of the Proposed effert are as 
follows - , 

Exposure Analysis. It is commonly known that exposure (or exposure variation) 
alters image quality. It is not commonly agreed, however, as to what constitutes 
proper exposure. The problem of adequately defining proper (or best) exposure has 


ea, 2 been with us for some time. The. exposure control.oi-J=3 affords the first real oppor - 


Le ~ Repréduction Angiysis,. An analysis of the reproduction process and materials is - 
oS t~ i lar eee ane x : 


. L 8 pecessary for.a total system evaluation. . The first generation positives are an integral 
. : i-. portion ot-the-Corona system, since these are- the main outputs viewed ‘by the photo- 


i — - - interpreter. Any: degradation introduced by the duping, process must be known to allow 


- 2 


oa 


we 


z, -+,them tobe factored. in (or.better yet, out of) the J-3. camera analysis. It wild nat be our 


| oe = 2. purpose te evaluate the Physical duplication process: per-se,. but onty to evatuate it from ~ 
the standpoint of its effect on the assessment of camera performance. 
Atmospherics. As with the exposure problem, it is well known that atmospherics 
play a significant role in the quality of satellite Photography. Further, as with expo- 
sure, the practical relationships between atmospherics and image quality are not known. 
4.1.1 Exposure Analysis 
8 loach 2 bom a Re ee 


eee ee ‘The-problen: tf assessing the adequacy of exposure obtained with the, Corona SYS--- 
"+, tem has been a continuing difficulty. There are groups in the. community who feel that 


oo gets, «Kae -photagrapby: issunderexponed ; and: there-are pthers-who feel that. it is properly ex- 


a 


Se 
= 


"ta. posed (and in fact for gome turgeté.* ‘Bearly,always overexposed). Many hours of dis- 
- _-»-tussion have been dipected.to thie question, without much positive result. ‘Phe-difficulty 


a oe 


ee A 


ot ale Tigg inthe tact that there is little unefe Quantitative data upon which to base @ meaning- 


The main technique used today for quantitatively assessing exposure is the density 


analysis being conducted by Eastman Kodak and Westover AEB.. In these analyses, 
minimum and maximum, “terrain”. denaities ane measured within a number of frames 
i a : we | os ; “at ae 


. ed 


& 
aa, 


2+. > =SUnless stherwtse stated, references to targets refer-to ground objects (airfields, 


.-- Missile bases, etc.), that were an objective of the mission. : 
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‘for each mission..-This information is summarized to show the percentage of over / 
- ,umderprocessed, and over/underexposed original material. -Further,; the data are 
. .+/Summarived inte histograms ia the. attempt to.define the percentage af minimum den- ~- 
.. “ities recorded as toe low, and the percentage of maximum densities recorded as too 
., ahigh.. A sample of this data summary for mission. 1029-2. iB. shown in Fig. 4-1. 


°__ccTh¥s date-Is used for.several types af analysis; bot most frequently. it is used te: 
aid in the assessment of correct exposure. Fig. 4-2 demonstrates.a summary plot 
that has been recently generated to illustrate the overall density relationship for the 
past several missions. This is compared with the amount of each processing level 
(primary, intermediate, and full), in order to illustrate (or at least suggest) that more 
exposure is needed, and that we are dangerously close to the absolute minimum expo- 
sure that can be given. Perhaps this is true, and perhaps it is not. The point is that 
this type of analysis does_not. really give the information desired for an exposure 


- decision. Thi isnot to saythat the density analysis work is of no-valne, for it has a 

-. real application for.evaluating.apparent- object iuminances.and brightness ratios as" 

“=, .$@gn by @ satellite photographic system: More detaits on the determination of exposure 
-., By.meang bédetsity analysis are contained in Appendix A. : : 


2 «*% ¢The results of this investigation and work done in tanjunttion with NPIC leads us - 
_. £9 propose that the-main emphasis for photographic: evaingtion.be centered in an analy- 


sis of targets. rather than.terrain.in support. of:this hypothe sis, the following pages 
discuss the work done with NPIC. 
4.1.1.1 Prior Mission Evaluation 


Some work has been done in conjunction with NPIC to evaluate the relationships 
between target and terrain minimum and maximum deviation. This work was done on 


- 
= hea 


a e+ te a 


ied 8 te hk te 


eee 


ao...... two missions, selected at random, 1023 and. -1034....The basic analysis procedure of 
2 both missions wes to:make mierodensitometer traces {using 16- x 10-micron aperture) 

= » Of operational COMOR priority targets. These targets were selected by NPIC. The | 

2 . peaks and vaileys.on thé traces were rhosen.aa the.Dyis, .and.Dpin. respectively. for 

9 es pa ek “Ehe: ‘Fesnlt af ree non eee are einenenee below. pe 


_ Mission 1023-1. 


| ; mi ~Mivaian 1023ak. wan initiatty Selectet sat ana djain abice #-wae-rejated to be 


TSgtouticoaty underexposed by the processing contractor, while the photointerpreter 
reputed that it was an excellent. mission. The processor was basing his conclusions, 
of course, on the terrain density measurements. 


One of NPIC’s snatysts randémly selected COMOR nee ae and iéees were 
-@aeasured an the-amnicredensitometar. The Tesults are shown in Table 4-1 where they 
tase compared with the MSPPPR tercaie measurements. - ‘This:comparisen provides 
*-- some interesting observations. 
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Table 4-1 — Mission 1023-1 Density Analysis 


Measurement 


AFSPPF/Terrain . 
NPIC/Target 


- AFSPPF/ Terrain ° 
_ NPIC/Target 


.- Messurenent - 


AFSPPF/ Terrain 
NPIC/Target 


AFSPPF/Terrain 


_. NPIC/ Target 


Pinin Range. 


0.15 to 1.26 


‘0.18 to 1,41 
.. 0.20 to 1.40 


0.77 to 0.99 


0.43 to 2.41 
1.22 to 2.05 


0.41 to 2.21 
1.33 to 1.61 


2D 


0.39 
o 0.76 2 


— 0.53 
0.85 


max 


1,22 
1.61 


1.31 
1.44 


D 


oo, average Ding oo 


Dante 2VETAe -Dmin? _- 


0.17 
0.37 


0.21 
0.10 


0.36 
0.27 


0.34 
0.12 


Number of Samples | 


298 
= 16 


269 


5 


* Number of Samples 


278 
16 


269 
5 
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First, in-general, the target Dmin values are higher than those of the terrain 


. .., Dante. -This is veritted by the higher.average Dmin value.for the targets, 


_:, « Secoand, the lower levels of the target Duijan values sr¢ higher than those for 
terrain values.’ The upper. limit of the Dma, values for the targets are, however, 


_..Jower than that for the terrain Sreas. What is significant, however, is that the 


—ee™ 


+ oe 
_—_— 


“Mission 1034 


average density. level of.the targets is higher than that of the terrain areas. 


Third, itis most sightficant that both the BDmin. att Driyx value of the target _ 
areas are higher (from 0.1 to 0.4 density units higher) than their comparable terrain 
values. What this suggests is that, in fact, the target areas are more heavily exposed 
than the terrain areas. This fact could explain why the photointerpreters thought this 
was a good mission whereas the processing contractor thought it was underexposed. 
They were making observations on different things, the photointerpreter on targets and 

. the processing rontractor.on terrain areas. - : 


i) po'.* Fourth, .whatds. parficularty: interesting is that the-target. density analysis seems 


_. to agree mere with the photointerpreter even though the ‘sampling was considerably 
smaller than the terrain density analysis. | 


__. Jt was:realized that the missien’ 1023-1 anaiysis was:‘somewhat limited in its — 
scope, hence, a further study was undertaken. NPIC made similar measurements, on 
mission 1034, on 60 operational target airfields. Again the targets were selected by 
an NPIC analyst. The results of this evaluation are shown in Table 4-2. In this case 
the comparison is against the Eastman Kodak measured density values. As with 
1023-1, some interesting observations are possible. 


First, ang again in. general, the target. Dingn Values are higher than the terrain - 


tS, Dmin wadued. In fact, on the 1834-2- portion, the target average Dining values were 


over 0.00 (0:0%-and 1.28), whereas the terrain measured values were relatively less 


+, being 0.50, 1 is interesting.to note here that,.by.the analysis of terrain density data, — 
eg -, the expqsure/processing is-in specification ttz., Din Detween -0:48 and 0:80). The 
 gi_-tarket Dp: information says we are out of specification, being either overexposed 
«+ .so¥ overprocessed for the targets. aon 


: * by Fea -, 7 _— 
=f 2 . - a fee ares r ; 
bee “ote war ‘ft Becqnd, aaah; 


npet j analysia, targets on three pi the four. portions of the 
‘mission went. to:abselute Dijgiy (2.68). The target average Digax values were con- 


siderably higher than the terrain Dmax values by an average of about 0.5-density units. © 


‘Third, and again as with 1023-1, the analysis of target densities yields a different 
picture of the expeswre given the material as compared to the terrain density analysis. 
The analysis ia general illusirates what. many have claimed, that target.areas are over-. 


_euposed or atjeast.of.¢ higher seusity than the typical terrain areas. 
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-Dable 4-2 — Mission 1084 Density Analysis 
Mission [ie Ye) ME oy 
1034-1 Measurement Dmin Range Dmin» average Dmin? Number of Samples 

Forwacd EK/ Terrain 0.25 to 1.45 0.53 * 

NPIC/ Target 0.48 to 1.35 0.78 0.26 12 
Aft EK/ Terrain 0.38 to 1.35 0.50 * | 

NPIC/ Target 0.41 to 0.80 0.54 0.16 6 
Mission : 


os ps1 -l034-1 Measurement... Dmnax Range. Dingy, average. Drygxo - Number.of Samples _. 


.. 0 8 INPIC/Target ~~. 3902.69 814 0.46 CT 
ae Sod ; EK/Terrain .  °—s 0.52 to 2.25 — 1.30 * 
ee » . NPIC/Target © 6.94 to 1.65 1800 042 .-. .- 6. 
Mission 
1034-2 Measurement Dmin Range Din average Dmin? Number of Samples 
EK/ Terrain 0.38 to 1.25 0.50 * 
Forward NPIC/ Target 0.74 to 1.85 1.28 0.30 34 
We EK/ Terrain 0.35 to 1.55 0.50 * 
| NPIC/ Target . 0.85101.39  . 9.93 - 032 og 
. Mission _ a 2 ; so . i : | roy Z : 
£20842 | -..¢, Measurement..." Desay Range --, Dmaxy average -Dmaxo . Number of Samples 
ie as BR/Terrain =, 0tORO00CCtadt” me >. | ‘an 
r : 
_ Forward" NPIG/Tareet (1.78 102.69.. 214 0:22 | 34. 


cow ER/Pergain . G55 to 2.90 (4 ABO 6 et 


* Data estimated from histograms, o and mmbes-of samples not available. 
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, ,. 4. +. This initial work tends to confirm the original hypothesis that exposure analysis 


"should be made from: target areas aud not typical terrain areas. By.using this approach — 


; _:, We feel that a-more accurate indication, of system. ee will be. attained. 


= 
v- 


4.41.2 Use of Exposure Data | 


«. The.two specific goals of the expesuze Siew are: (1) to evaluate the 
| validity of the exposure control system, and (2) to evaluate. the: dena vis-2-vis the 
targets and their locations. 


Validity of Exposure Control System 


The intent of the exposure control system is to provide proper exposure over a 
greater range than is currently achieved with the J-i system.. How well the exposure 


‘BG eB. control system performs, howeyer, is.a valid questien that needs-to be evaluated. Two | 


a es - fg oD + prime questions will be. answered in titis analysis:. (1) over what solar altitude range - 
: (and therefore latitude range). does the exposure control system give proper exposure, 


ang (2) are the exposure changes made at the praper place. The. exposure.cam. changes _ 


cD . 7 the exposure at preprogrammed intervals. Whether or not the proper intervals have 
. qe sty been gelected cap only pe determined from a mite seit a of the resultant 
3 photography. | ; , 


Exposure Vis-A-Vis the Targets 


The exposure for the J-3 system is programmed based primarily on solar altitude. 
No input is made regarding the type or location of the target. In the previous discussion 
the point was made that exposure analysis should be done from target density readings 
| instead of typical terrain areas. We plan to use this approach for all our proposed 
_. -asx, . +. ©xXposure work. To obtain target density traces. 7 oe material we feel that 
ae we.can work with EPIC as in the past. . a cr 


“¢ oe wee. BY knowing the geographical. location of ii, freer and their reproduction, 


is aa ip 8 tery mceniapial saeiysis ‘can be-performed, For.exampte, the current J-3 exposure © 

a “ marih y on solar altitede.. it is possible, however, that this may not 
ee » be the best: mathod for, making exposure: changes.« «if 2 laxge percentage of targets are 
age, _ © Sty a given latitude band {and_not.distthuted), then it aay be desirable to bias the expo-- 
te oe ~- Bye Somtral in Jamor-of the bamtexpogure.fen the largest percentage. of targets. 


ee . ‘In support af this: ‘work we recommend strongly that the CORN targets be used 
oe liberally on these missions. The CORN data will allow correction of the target density 
traces to known luminances. Also it will allow.quantitative evaluation of the exposure 
ool latitude of the system. Most important, however, it will allow the specification of how 
+ (+, + .. Objects arg being reprosuced; ie., fay examsfie, the lowest and highest reflectance 
wee es Se eS ghijectthat can be recorded and sthether ornol, this ie sufficient for the purpose of the 
‘pt. . 1. Cerona system,- Some. details on the analysis of. CORN targets are. “contained. in 





* é 


. Appendix B. 
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+421.2 Reproduction. 
ae 


" used to ‘duplicate: the original. negatives. . - This. work. is required since the main product. 


used by the photointerpreter. is the dupe positive wand ail his statements: ‘regarding J-3 ; . 
performance (quality) wilkbe “made trom-the dupe positives. To factor the gngeinidae a 


= yeeter: comments into the.analysis-f J-3- systenr pepfor mance properly, we shoulg at . 


_ least be aware of what affect the duping process had on the imagery.. The paint is that — 


image quality can be affected by the manner in which the tone reproduction process is 
put together. What we are concerned with, therefore, is the relationship of the repro- 
ductive process to image quality. 


It is not envisioned that considerable work is needed on this area Since the basic 
question is simple, that is, have the dupes reproduced all that is on the original nega- 
- five or.is there a disparity bejween the two. that would significantly reduce the informa- 
_ ..  . tion centent aud lead the photointerpreter. to a faulty: judgment of camera performance. 
ees “Appendix: c alia the. detailed data relatiye to the reproduction analysis. 





+ +  ..To optimize system performance, a closer loak must be taken into the field of 


ria tS . > atmospheric optics. The atmogphere, of comrse, acts 28.2 light gcattering medium 
— _ between the camers and the-ground; and its effect on the photography is one of degra- 


dation. Since the scattering is wavelength dependent and for most atmospheres is 
predominantly blue, the classical approach in aerial photography has been to incorpo- 
rate a minus blue haze reducing filter in the camera system. This approach is basi- 
cally sound for general application. However, in attempting to optimize system 
performance, a more scientific approach should be taken to the selection of a spectral 


_iilter. For a given system anda given application, the spectral filter should be chosen _ 


ae -- 80 as to give the- maximum. statistica] haze redwction with accompanying increase in 
‘object contrast. Also to.be considered in this. selection are the tradeoffs of exposure 
. time (as it affects image motiog) and the. | 
wy attenuation of the predominantly Wine aimdow light. 


bias In the Corona system, the probiem iu econ Chey de tacks two.main 





ee | "eamerasiook st the earth iram different directions, one iooking forward (generally | i awe 


a ys into the sun}and one looking ait.eway. from. the sum). Fhe. question.ariees 28: ti-if und 
ste AEE Ep nestor by wary te these twe directions. <Sbviously, much will depend on the 
_*  "*\" Position “and solar altitude of the sun relative to the camera system. Under certain 
conditions, optimization of performance may require the same filter in each camera 


a <.° 1% or ditfarent filters in each camera. It may. even be a to change filters from . 


et oe time te time in one ox both of. the. cameras. 





“The system analysis studies. will include some analysis of she ‘teproduction process 
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| ++ Another consideration in optimizing the system might he the use of a polarizing 
_, -filter.* . The degree uf-polarization and its affect an a camera system.is dependent.on . 
_ ‘maby factors such as the-compesition of the atmosphere, the altitude and-azimath of | 
“the sun;the position of the camera, the leok angle of the camera, the ground Hlumina- 


tion, the reflectance of the ground objects, etc...A careful.evaluation.of this problem 


: 4.1.3.1 Andlysis of the Index Camera Photography . | | 
woos. ~;¥oc]tele feelerthat the information potential nf the index casera photography hae.fot 


| +, .<ghould seveal the degree.of. polarization in a given direction and how gffective a polar- . 


izing filter. would be in reducing-unwanted energy and thereby-in-enhancing optical 


- performance. 


To answer these and other questions pertaining to the effects of the atmosphere on 


the Corona system performance and to increase our overall knowledge in this field, 
Itek proposes an effort which will attack the problem on both a practical and theoretical 
basis. The practical effort will be directed towards evaluating existing Corona photog- 
raphy and the photography of the new Corona system. This effort is discussed in 


-, paragraph 4:1.3.1-. The theoretical effort witkbe directed by Richard Barikat, an inter- 

_..:,Mationally known authority in the field. of physical optics. It wilt be directed at the ba- 
_. sics.of atmospheric radiative transfer, and-tts goal will be the possible establishment 
- pf models.for satellite photography. Thia effort is discussed in paragraph 4.1.3.2. _ 


been fully exploited in the J-1 system. The index photography provides large area 
coverage of strategic regions throughout the year. As such, it naturally provides a 
graphic record of these areas which can be used to extract both quantitative and quali- 
tative information. In addition, however, the index camera also has the potential for 
being a well calibrated photographic photometer. Utilization of these two potentials 
makes data available for studying the seasonal and temporal variations of large areas 


ie oon ~~: ~~ throughout ‘the year. ~These data provide information on the effects on the. photographic 
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~parameters of weather, ground scene reflectance characteristics, solar azimuth and 

> plevation, latitude and longitude, etc. This information, handled statistically, can then 

oy oe be applied. to:the.maia panoramic cameras to.optimize exposure and filtyation condi- | 
tions for specific targets and target areas. : . | | 


+ 0 Dot 2a, _Yeara of experience with the Corona system ‘have shown:that there-exists a corre- 
2 gic: % .. latien between_the visual appearance af the index photography. and the image quality of — 
s-the bigh resolution panoramic cameras. When the sadex photography Acoks fiat atue to 


heavy athospherse Sez¢-invarishiy the panoramic photography is poor. The converse 


is true, i.e., when the index material looks sharp with good contrast, the panoramic 
photography is generally excellent. It would, therefore, seem only natural to exploit 
this correlation. os eo ee : os ee 


“ess ph. #'Exadeer RS. Apfarest Contrast of Objects.on the Earth’s Surface As Seen” 
- . From Above the Earth’s Atmosphere, J. Opt. Soc. Am., Ser. 3, 54 (March 1964). 
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= .The index photography with its 1. 1, -inch lens and 70-millimeter format produces 
photography: at a. scale of 1:5,000,000 at nominal. altitudes. *.. This amounts to a ground 
_area coverage of roughly .200 dy. 200- miles. The optical parameters.of the len’ (T- 
,_-mmber) and the shutter exposure time are well calibrated, The 3400 fitm is sensi-_ 
.. tometricaily prasessed to a gamma of.1.0. It can, therefore, be used to acquire = 
absolute Photometric date about the a: af the grouné scene. and the inter-— 
- vening atmiosphefe. ° 





The two major uses of the index camera Sn sicerashy are seen to be: a) aeaivels: 
of weather, and (2) analysis of terrain characteristics. Although the Corona system 
does not provide hourly or daily coverage of points on the earth, it does cover the same 
general areas on a fairly repetitive basis. There is generally one mission per month 
‘with photographic acquisition for 1 to 2 weeks during the month. Thus, enough coverage _ 
is obtained to study the gross weather. gad terrain characteristics throughout the year 
. and to determine ii,there are. predictable patterns:to the changes. Ii, indeed, these 
. factors. can. pe. predicted, then steps.can be. taken to improve the system performance 
., through biased filtration and exponnre with the resnit of a statistically higher. informa- 
tion yietd: per mission. 


ie fn terms of weather; the aaet obvious analysis is that of cloud cover. By evalua- 
sis as asi ae the. amount of elayd cover on an area basis,.one can determine the percentage of 
ee .« .Rloud caver and deduce the probebility.of onvering 2 target in a given area. 


The index photography is useful for evaluating photographically not only impene- 
trable cloud cover, but also thin cloud layers through which some photography is 
possible. Often, because of the larger scale, thin clouds are not readily discernible 
on the panoramic photography. The resulting poor imagery is often ee as either 
poor system performance or unusual haze conditions. 


gets. When there are.clouds, there are ‘obviousiy cloud shadows on the ground. ‘The area 
a fe enteral ‘by the cloud shadow will depegd on the sun elevation and the camera look angle. 
‘Since the shadowed area receives.less light than the direct illuminated area, the expo- 
gence sastoateds the exposure, ain roel tainciarredd ‘These tata re 
added to the weather picture. 


Sih SD op = ‘The index photography cam hlsa prove esetal tar'aalying the hase eonditions of the an 
| ee. © shmospbexe over certain.regions. The cause af hazeis well known; it is due to water 
kote EME + Napor and-doreign particies,in the atmogabere . . Gertain regiens:bave normally typical — 

haze conditions associate@ with them.” Jungle regions. have hazy atmosphere due to the 
high water vapor injection. Deserts, in contrast, have generally clear dry atmospheres, 


except when the wind is blowing to create dust storms. industrial areas have haze 


i's a ie ees 
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ee ee io. ag For 5-3, gi course, the, DISIC has diséerent parameters, sithough thé area 
eaverage is about the.same. : 
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*- "photographie imagery involved, At lower altitudes, the main factors affecting the 
a» tay “*imagdé-are turhpience.and haze.- However, at higher altitudes the turbulence problem 
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‘g@ryer.air in the-fall and.winter.as the cooler atmosphere holds-less.water vapor. — 


- ...' Hage particles affect the scattering characteristics of theatmosphere both quanti-— 
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‘tatively and qualitatively:; An increase in haze particles causes increaséd scattering 
‘and an accompanying loss in image ‘contrast due, to incragsed ‘sonimage -farming light. . 
The type of haze particles, and particularly their. size, affect the spectral nature of the . 


scattering. For a given haze condition, one typeof spéctral fitter wilt be mote effec- 
tive than another. Certain target areas may be characterized by a particular type of 
haze formation which analysis of the index photography might discover. Such knowledge 
could then be applied to future missions. 


Atmospheric haze as it affects image quality can be evaluated either quantitatively, 
i.e., calculated from measured values, or determined indirectly by the. effect it pro- 


duces, i.e., a reduction im scene contrast... The simplest and nrost:tammor method of 


_- + ismeseuring scene contrast is Dijax-Dmiii tetermination.. The density difference on a 


ccomparative.basis is a measure of scene contrast. On.a hazy day the density difference 


will be xeduced., This technique can be extended through controlled sensitometry to 


dgtermine the scene brightness-range or.the affective scene contrast as seen by the 
camera. Though this technique has drawbacks due to (1) the possihility of human error 


#- -_  & 
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in gelecting the Dovax-Pmin values, and (2) the selection.af a proper size measuring 


have been routinely made on the index photography. We, therefore, propose initially to 
use these data to evaluate haze conditions for selected regions of index/Corona 
coverage. | 


_ In the future,.a more complex, yet possibly a more accurate assessment of haze 
might be made by determining syzygetic scene contrast (see Appendix D).. 
4.1.3.2: Théoretieal isvestigations : . | 7 

. «The advent of very high altitude photographic platforms for viewing the earth has 


introduced @ wumber-af new factars. into the problem-of:determining the quality cf the 


is-no longer. the linsiting factor and it becomes of paramaunt interest to determine just 
mbat the relative-valueel these limiting factors art...To.a great extent, the-probiem is 
one of radiative transfer firthé atnresphere: “However; itis a pecultar area’ af ‘investi- 
gation in that the main problem is the determination of the relative amounts of scattered 


| aperture, it dees bave the advantage af simplicity, pius the fact that these measurements | | 


and diffusely reflected radiation directed outward from the atmosphere into the camera . 


system of the platform, and the relative quantities do not remain constant. 


Although a sumber-of investigaigts have hegon work on this :probviem, it cannot be = 
_ oni tha apy Seabconclusions have becstrexched: In fact, if anythi ng; the conflicting — 


Serre tran, TE 
” 


claims of investigators have tended to obscure the main issues. Very. high altitude 
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- _.. produced by ‘heavy combustion byproducts. Temporate regions have generally clearer, : 
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-.. photography.of the earth is ultimately limited by the degradation of the object contrast. 
_-. pjethe intervening etmogphere, and-this-toas in contrast results from nenimage-forming | 
_,. Jight im the-optical path between:the camera and the object (due to atmospheric scatter- 
_- dng of molecular. and aerosol arigin).. In the farmer case, the scattering is termed ‘aan 
- . | Rayleigh scattering....The conflicting influence of these two scattering regions is one of - 
$m _ the principal causes of difficulty. :Reyleigh-scattering usualdy occurs on-clear days, ~~ 
me.%, vo 7 Whereas aerosol scattering is. prominent. in.a-hazy.atmesphere. Ofcourse these resuits 
have been known for some time, and with the advent of high-speed computers, detailed 
calculations have been performed for various Rayleigh atmospheres. No serious cal- 
culations have as yet been performed using aerosol scattering and its influence, 
although important, is still not known quantitatively. The people who have carried out 
the vast majority of these calculations are geophysicists and meteorologists. Optical 
physicists have not as yet undertaken studies in this area and it is for this reason that 
Se ~»we strongly feel that it is necessary to assess. the influence cf the. atmasphere upon 
ree - photographic image. quality. gee = oe , hs hss 


aes: 5 " We propose to devote the first 4 months to a detailed review of the pertinent litera - 
ne earns ture and to the preparation of z cxitical review of the state of the art with emphasis on 
_ +... problems that need te-be solved. At present a critical review of the literature on high 
_- . altitude photography does nét exist, so that the preparation of the review ig itself will 
~ 25, 3 be a worthwhile topit. After this review has been prepared we intefd to begin investi- — 
“gation into various problems which we feel need studying. For example, because the 
light scattered from the atmosphere is polarized, the use of polarizing filters in one 
form or another has been advocated. However, in the calculation of the diffraction 
image, one of the main assumptions is that the incident radiation be unpolarized. In 
fact, all of the calculations performed have, without exceptions, been based on this 
unpolarized premise. Therefore, one topic seriously in need of investigation is the 
-cqaey+ g@@velopment of a theory which allows one to calculate diffraction effects in polarized 
‘i. + Light. .A.second tapig.of practicak impartagee is the deternrination of optimum fitter 
. i a® combinations. ~~ 9 + |: : aoe ee: | 7 


ee ee dt-mast be strongly emphasised. thet the develepment of photegraphic models which 
2 > yz sfaDew. one to predict working parameters for actual field use is presently a near im- | 


+. “_> . possibility... Examination ofzeome of the literature indicates that there have been two. 


ce"? Fesults. Unfortunately, this method, by its very nature, tamot possibly succeed be- 


cause the underlying physical theories are not utilized. Any correlation with actual 
data is probably more of a coincidence than anything else. The other line of attack, 
which is just coming into prominence, is to assume a Rayleigh atmosphere. (or some 
modification of it) and to utilize the radiative transfer equations to calculate various 
py mee a equantities which are.of possible inte est Fils, apgoesah. ts, of course, the more power- 
, , ~7 fal of the two... Nowever, if haw not been. carri#d.to ts logical conclusion. The people 
ae 2 ee -who-have investigated this area have in themselves fetbeen optically or photographically 


z 





wat . 


ag es 
a abi aba om 


TOP SECRET/¢ a 


“. eriented and have omitted the effect. of .the incident radiation. upon the actual viewing 
> System, i.e., camera system and photographic film. . - 


-« ...°.The important work of a number.of authors with respect to the Rayleigh atmo- 
. -: Sphe tempered Samewhat by. the realization that the. characteristics of the . 


re must be : 
- Fadiation field haye been obtained on the hasis of primary. scattering only. However, - 


Los “ ; emphasized that the long range goal of this Study will be to develop models which will 
ae enable us to optimize high Altitude platform, photography systems. | 7 


4.2 PROPOSED ANALYSIS OF CR SATELLITE TESTS 


The EKIT test series were developed to evaluate promising Photographic tech- 
niques by utilizing a photographic System similar to the J system in a high flying air- 
craft. The Philosophy, generally, was that if a technique proved to be unsuccessful in 
the aircraft, it would not be recommended for a satellite test. The EKIT tests and 


eis “os: The dallowing pages deseribe the analyeis techniques that are to-be used on each 
0 lef. the migsions.; Fhe eng product is ta bea Reportfor exch of the missions-summa- 
~. <= Kiting the test itself, the analysis-performed, and recommendations concerning the 
usefulness of that technique. | 


A summary of the tests to be performed on the first four Corona missions is given 
in Table 4-3, 


oe su. Phe majority of :Corena photegraphy-is acquired in the desrending-mode over 
Peed ~-horthern latitudes. . his. means that Practically.all of ‘the photography is taken with 


: 3 zy. =e % 
i areas : o% -osge e-: -* : sd ste 
AO BE us ¥ ole vm, tose v ae ae : - 
Cg wt te aS ~~ ow 2 oe #8 C ; 
- - : 
: —— $2 

2 . er “or” 2 Tat 

_ n - - : “~~ nee | Sita" oe 5 ‘ > 

« 





4-15 


-—* me ee ry 





Table 4-3 — Summary of Satellite Test Conditions 


System Camera 


CR-1 Forward-looking 


Aft-looking 


@R-2 Forward-iooking _. 


- - 


.. . Aft-looking 
CR-3 Forward-looking 
Aft-looking 


CR-4 Forward-looking 


-Aft-looking 


oH 


Purpose 


.. Filter 


.-.. comparison 


‘Use of camouflage 
detection film 


_ Night photography 


Ultrathin base, 
evaluation of polarizer 


Ultrathin base 


Evaluation af SO-230, bicolor, 


W25 «Cs, », and wide bandpass filter _ 


Film Filter 
3404 W23A 
w25 
340d WR 
; W234 
3404 | W23A . 
. 90-180: . W15 plus W96 __ 
3404 W2E 
-§O-348- None = 
3404 w25 
S0-380 Polarizer 
3404 w2l 
SO-380 W25 
3404 w25 
3404. Wall 
30-230 W5S7 é 





.. Evaluation of SO-230, bicolor, 
and wide bandpass filter 
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..- the sun in front of the-vehicle. Under this condition, the forward-looking Camera is 
.. - looking. into the sun while the aft-looking camera is looking away from the sun. Occa- 
- ~ Signally,. however, aacending photography is taken.as the vehicle approaches. the: north- 
. &rn latitudes from a ‘Southerly direction... This affords a good Opportunity to compare 





4.2.1.1 Test Procedure 


The first CR test flight will involve Switching the Wratten filters during the last 
Portion of the flight. For most of this mission the forward-looking camera will have 
the Wratten no. 23A filter, and the aft-looking camera the Wratten no. 21. The second 
filter position for each camera will contain the alternate filter. During approximately 
ae _ 12 percent of the mission, the filters wil] be_switched.so that the forward-looking 
"low a ds pCaMera wH haye the no. 21, and the aft the ‘no. 283A. When the switch is made in the 


a nn we 42 Analysis of CR-1 
EN ag the prime stews ator determining the hest {titer far. each camera: will come from 


: : ee ithe pheteinterpreter’s €valuations of the material. -. Since the improvements are oriented 
Geta ee toward him, it.wifl be primarity hia decision as to which is best. 
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ax The quantitative data-analysis has: the unique advantage of being able to. use ‘mobile ™ 
eoRN targets when domestic passes are are made, AWith maximum depicyment ot. mobile - 


a as CORN dargets, sufficient edge sampies. can be obtained for a sound qaaiity: estimate of 


i * 


“i 


‘a 


the resolution performance with.ceck: oF ete : pF great 


employed will be:simitar to the first four quadrants of the graph described in the bi-.. 
color work of Section 4.3.’ Density readings of the CORN. targets’ will give the required 
measurements for the fourth ‘quadrant. With the sensitometry of thé-negative and sen- 
sitive materials, the atmpspheric (quadrant I) effects can be determined, . This, then, 
would give an estimate of. the effects of the two filters on.the contrast independent | of 
the as ee 


ce tee Jd Lae rey. fittrattos eusien’ conittteg acter ‘tothe 'CR-1 test 
an ost conditions provide an additional source:of data. This material will be utilized.as. com~- > 


dee g ts ot plementary information. te strengthemthe | conclusions. drawn from: the: CR-s. test. 


~ 


oo 


. ae, “ 2 Itewild be. necessary te go-:throngh the. ‘flight logs: and pick out those missions where | 


“aherank filters were used. Next it will he ‘necessary to. setect those frames where .. 


oe, a a | Serato imagery. exists. CORN. targets,-if displayed,.or a large building 


=< ov? would make good targets. _an -gelecting frames for ccomparison, attempts should. be made 
to match frames 26: <losely as possible: for. look angle and solar attitude and azimuth. 
Similar weather (atmospheric) ‘conditions gan be obtained by referencing to the index 
camera photography. .Once a, well: ‘correlated set of frames is obtained for the different 
filter conditions, the: ‘game ‘methods. of analysis would be applied as are used in the 
CR-1 test. We will request NPIC to provide both microdensitometric traces of selec - 
. . ted targets in thege frames from. the oxiginal negative ,.and high quality. dupes.and en- . 


erase - « Jargements: Utilizing. the microdensitometer traces. and the controled mission sensi- | 
a ne tometry, we will then be able to compare the effective object tontrast and MTF for the 


“a. ¢. Varying spectral filters used,.and thus determing if -there-is. -a.difference infore and aft 





Foy _Seging,.and, if so, which spectral filter should be naed te optimize.the performance of 
wa Re ek Cath camera. A photointerpreter’s evaluationof the microdensitometrically evaluated 
pon Bl eee eee tend to. ———— on sobpective: 
be : 
' a 
In this test, the first: 14,500 t feet ofthe second pucket will be flown with the Wratten 

no, 23A on the forward-looking.cifivera, and a no.: 21. on.the aft-looking camera... ‘The 
peace last 1,500 feet if the forwards looking camera will be type SOD-180, which is camouflage 
be ee detectiea-cnler film on athim-base-- this fitm is used, the fitter will-we changed to a 
b, et 2 re raining Lt fot be ning camer, 200 
Re atta y the ingrease in nee i lane te feet in the waren aes: 1, 000. feet 
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yy will be type 3404 still using the same filter, the no. 21. .This will provide, 1,000 feet of 





. : 5 ae film that.can-be used for a comparisen.of.the black and white and infrared-color film. < ~ 
oyorva vas This willalsa allow the.two materials to be viewed in stereo. The remaining 500 feet, ~— 


=e 


~. of tyne SO-180' will be used in mono’as additional coverage with this material: = = 
_- Dmring the necending night passes’ of the.last portion of the flight-(500 f€et) the oe 


" naft=looking camera willbe used as a night activity.detector with type SO-340. "The 7 +" 
- +. specific analyses to ‘be performed on each. of theae. taske arestiscussed in the following 
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" 4a ample; would then be averaged out, giving one general appearance to.that area. If do-. ~. 
lays vg. mestic coverage is obtained with this imagery, afield survey could be undertaken to — 


sections. —_. 


4.2.2.1 Analysis of Infrared Color Film (CR-2) 
As in, the first CR test; the prime analysis will be subjective in nature. Areas of 


interest wilibe sought by photointerpreters with the goal of answering the question of 
what typecof information bas the CD-fila given.thatthe black and white ceuld not keep 


he: vin mind. What interesting characteristics wilt show up ig difficult to predict. - There 


-.» -have been a limited number of tests performed by the manufacturers of this film to 
+» .; evaluate its petential ‘Jt is known, for:example; that this materiad is. not useful for 
: ‘water penetration due te-the retatively high degree of infrared absorbed by water. The 


ae .. ¥ material is useful for getecting objects tht reflect a large amount of near infrared en-_ 
sa 3 ergy: The best-naturally gecurring-object in this: category is living vegetation that con- 

4% + ~.s*tains chiorgphyt - This js.pechaps the material‘s greatest potential as 2 soUrCE of wnfor- - 

mation that cannot be-nbtained with: the ordinary panchromatic materials. The tests that. «- 


the manufacturer of the film have perfermed-atso indicate that the results from ground 

photography do not correlate well with aerial photographs taken under the same condi- 

tions. The manufacturer’s belief is that at ground photographic distance, the individual 

leaves and details of the vegetation are resolved, thereby presenting to the film an en- 

tirely different subject than at higher altitudes. This may be an asset when the.material 
= ds is used at. orbital altitude.- The small difference within one general ‘crop area, for -ex- 


2 -y.aesess: the particular characteristics of:the crops and farmlands in-that area: ‘As.an ini- 


.., «+ pe made-qikh respect tothe merits ofthis sechotqee for viewing thecimagery. Previous | 


tests have shown that when these steree images are: viewed, the good characteristics of 
each material are presented to the eye:> The observer sees.an almost full color image 
with high resolution detail s ce the colar: “This CE flight will be a good 


test of this viewing, techniquefrom.eateliite photographic scales.: =. + 


ee Mi . > oe . za * ae, 
Boh mm 





tat fa ee # the photographic portions of this fiight cambe programmed for domestic cover oS 


ig age, mobile CORN targets can be deployed to obtain an estimate of the system’s 


e es _ .. -%, performance. in this case, the evaluation would be kept entirely to the resolution tar- 


= 


+ ,¢get since. MTF techniques: have not been adequately developed for-color materials. 
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ny. © 33 . With an engineer at the mobile CORN location with a radiometer, such as the: : 
as Gee 580/585 instrument, data can be: obtained for the spectral: energy reflected from | 





- .- “the gray scale patches. The,procedure is straighttorward with black and white materiat * “~ 


ce -sasing photographic photometry, and: bwo patches of Known. reflectance onthe ground. It 
- 32 is nok too difficult to alter the procedure to.make it apply to color material using radi- 


= -emetry: . With. this.information,a very complete. tone. reproduction analysis can be per- -— 


<a: >» formed to evaluate the exposure: and filtrationused.. In the EXT? . flight. no, I (EKIT 
. +++ # Report No. 4), a technique was used that theoretically predicted a more suitable CC _ 
filter for color. photography ‘at low solar altitudes... This same technique can be expand- 
ed with’an estimate of the.atmespheric haze effect to predict not only the CC filters, _ 
but the haze attenuating fitter. “Since this is not an ordinary type of color film, it nor- 
mally does not use a CC filter; but does use a yellow Wratten no..15. For optimum | 
results, though, there may be a requirement for CC. filters. : 


ae 42. 2.2 Analysis ot € Night. Detection Photography (cr- 2) 


; a The night coverage will be obtained by. using the aft- ooking camera in mono with a 


-pex type. emulsian,. 90~-348.; “EKIP. flight test nos, 4. and 5; described in-Appendix E, 
. has made some specific recommendations for this flight. .One af the most. important 
: 4 _fonclusions was to loak into lower gamma processing of the original negative. 


pacts? ve cv. The analysis of the-night detection flight will be primarily subjective in nature. 
tt will give data that will help. aaswer the-funcamentat question a8 4o whether Soviet | 
missile launch activity. can, be detected at night. However, it is possible that the target 
areas will be cloudy, or just inactive. Because these conditions could occur, a negative 
answer does not necessarily mean this is a useless technique. A method that could be 
used, though, is to photograph Vandenburg AFB at night with the lights on for formal 
launch activity. Thus, the predictions of the EXIT. night detection teat can be verified. 

fe ee «This. coyld be uped. as control.te avoid problems of weather and/or nonactivity.. There 


iy + et fo + .d8)-though, sti, nets carpal a sat correlation between ours 3 and the Soviet’s 

. ee ee launch activity. 
Pk a EE: the: ‘vandenborg area cen be eoacaee -thea inal probuhiiity.the Los Seesies: area 
ae RSLS covered-and this ton. could be used for a control point. The conclusions of the - - 
Se. sar EKIT’ night report-were-also that cars, though net resoived.at orbital scales, ‘could be - 
ae fetected asd probably be counted from imagery at antellite altitudes. Since the 
4.3", loention of severat well Hluminated-pasking lots are presentiy-known, personne! at the. 


area could count the cars.and make ground truth photography... These-perscapel © can 
also give a detailed weather report for that: time period also. . a ae ars 


The system resolution from sight photography would. be’ uaeeaat pees te know. 
It can aid in interpretation pt-the. detection curve that.was uged.in ‘EKITF Report No. e 
EP «. eet a _, (i... Feflected illumination versus ground-size neceagery for detection af images in 
ee might photography).: For. sach. future caiculations,. ant perhaps refinements on this- 
- - gurve, it would be helpful to have double cheek on. the system’s high contrast reselu- 
‘tion, ._ Therefore, if oe targets were. te. be placed in some well iuminated 
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iv 74: (bath high:intensity and even distribution over a large area) terrain, this support data 
-os ls 4) 9.1% would be available. .The most logical place for:these targets. would, be in Chavez Ravine 





Stadium, since it.has been‘shown in the EXIT. teats to be a well iitnminstéd stadiam in-+ ” 


. the Les Angeles area that: could be. seth if ——* areas i tantetad described are 


_ programmed into the flight.  —_- . oa Ut a 


‘ge = > Since a-“lower gamma developer will have Skea foemalated by. the time of this ea 
ee ie it.is suggested: that it be used on the night material of CR-2. ie tone reproduction . 


“analysis will be-perfermed to see how welt this formutation has. worked in : (1) improv- - 


ing the useful log exposure range, and .{2) enabling one ig Solaire to be made 
which has all of, the-tonai range present. 


4.2.3 Polarization Filter (CR- 3) 


eB ae The third . CR testis to.test the effect ofa polarizer.at various solar aititudes to 
i Are . be.used in‘place‘afthe Wratten na. 21: hazeccuttime filter! There are two specific areas. 
et - «in which a-polarizer filter may’be of help: “Specular reflections-are ‘polarized, there- 
Bag SE -fore, if. these occur (as they do.on aircraft wings, off rivers, etc. ), the polarizer set at — 


' the correct: ortentation should reduce: their:intensity .. : ‘Pheae high intensity reflections, 


- Ae ‘though stilt bright, would not bese bright to cause the “ballooning” effect that distorts - 


ne eS “ . the aircraft. shapes. and prevents precise identification: of these aircraft.. The second 
re ra . area of improvement should be.in.the reduction.of the polarized hazelight. The advan- . 


tage of using a spectral filter @.e., Wratten no..21}for:haze penetration ;-is that most of a 


the scattered. light iliac atmosphere. is:in the spectral region that is attenuated by this ~ 
filter. 


The pisree ee should also caduke the hazelight, but by a different mechanism. 
Even if bothfilters may have:the same effect on the hazelight, there will be distinct 
differences in the {mai images. _The sharpness fram image motion should be about the 


“yo os, Same-sigpe Shere istoaly 2 alight difference in-theis filterfactbr (2 for Wratten no. 21, 
yor Ss 34 ie cay for polarizer).:.Since the entire spectral region is used, it may very well be that, 
wimet sh even at2a. adjusted ; focus = ne: lens may oes well as with the 

oo . Wratten mo. 21. ; eae: e 

at aee - gol ea possible Seas ee eas pe-the : eee inthe tonat rendition due to . 
ea iene ; eae: increased dimension of spectral diserimination-° The Wrattenno..24 haze filter does 


wt, a -notaliow diacriso ination between hines and greens; for.exampie, since. both are effec- 
ie tively black te the fitn when piiotographed through this filter. “The palarizer, though, 

does not have this: characteristic,. and AavaS, these oa tones from.variougs colored 
objects may be an sdvyantage. SA ie are eee 


Since the atlachs of pouricaten axe Reactive te tiacing muda: pra will be a 
different effect at.each of. the sclar-aititues. The gaiure af satellite photography is 
Cit acting «, -that photography will be ~mede at almost all anlar eitituies at some time. Therefore, 
os tah el, athe analysis-of ‘the effect-will have.te be made.as a function af solar. altitudes. The 
ae «, ,initial. cravat will. consist of viewing aa a for gross.effects. 
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- Most likely these effects will be immediately evident and the best type of analysis 
“qoutd-then consist of making a.series. of prints ofthe comparisons at the: -yarious 


a solar altitudes. “The. problem: will be: more difficult if the differences are. small. ‘In. 


wy 
ae 


ore) 


- addition to = detailed photeinterpreter’ 'B. evaluation; physical>measares will have to. 
- be used ti.support his findings. Mobile CORN. targets.should be used as:a system — 


ae oe ~-zevolation shee, though analysis from: edges found within. the. photography wilt have | 


to be used to wccpunt for:the vartable.of splar attitudes: This will give an estimate 


of the system’s pérformante irom an image quality cenmumemin iat ‘CORN cai as 


* 


scale can be used for 2 basic! tone. reproduction analysis. 


if the effect of polarization 4s a function of solar altitude and if the polarizing 
filter does a better job at the lower solar altitudes, then the filter switching capa- 
bility of the J-3 system will be of great value. One filter could be used up to some 
specific solar altitude.to be determined by this test) and then the other one shifted 
_ into. place to.complete tee mission.: The resuits: cauki in both.rased , be good haze 
“penetration; andia one.case, an. aceon: benefit af beer tonal rendition. 


are 22. 4 Bicolor Photography (CR=4) 
« : Phe theory behind bicoler photography is covered in Section 4. ‘B.: The reader is 





a, ". szeferred to-these: sections for the details on this subject. | 
The invages from thts ‘mission will have to first be rectified. Acie has offered to 


perform this service...They will then be additively recombined, either as small areas . 
on our additive calor yiewer/printer {ACVP) or as a whole frame ina contact mode. 
The analysis in this case will again be predominantly subjective: What type of informa- 
tion does this technique offer-that they could not have obtained in any other way? Are 
the colors available in bicoior Photography too restricted, or are they sufficient to im - 
prove the interpretation ? 


‘ , ‘ : 
4 ? 
: ; i: 
: “'y oe 
i 
Ore me ee Bee ee ame nee 


ace fs 


ae et te tn 


eee ee et 


ours ae Ce sre Vue crea wit tek boy ew adhe oom Since the full range of 
“yon @nlors cannot be reproduced at the same time as neutrals, images will be made under ~ 
ut. 2+, each .of: the sevaral_.combinations. that. cur: recent labaratory work .has.developed. For 
t 4a.% example, neutrals-can be formed (with a. considerabty restricted range of colors) or 
ae «75 3a almost fall range ab-eolor can te made:at the expense of the neutral tones.. The 
ee 2 + ghokoiaberpreter'ecmatyaia will be goech er decido.whieh echndzee 16 Dost. 


we 


poo ee, ats 7 | Sven though the-cyan fitteredt image ria at be-2s sharp as the orange (for the 
lens was not designed for.tsat spectral region), the effect on the final image quality 
may be very small. With the superimposition of two-film images, the signa) (the 
image) remains the same and the noise (random grain pattern) is averaged out. There 
is a 41 percent improvement of the signal-to-noise ratio. -¥f perfect registrationis ~~ 
: obtained, there should be a corresponding increase in resolution:. Therefore, tie fact 
eee ike . nw one tens-has-not performed as well-as the other may-not be.a serious problem. 

et ;, With mobile CORN ‘targets.in the. imagery, this effect on system resolution can be 

Eioe peetorminee,. The cle patch. will also-ba used in determining the accuracy 
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. en of color reproduction with this. technique. This will enable a controlled test to be’ made 





‘yal 


- ve. of the accuracy of-color reproduction for this system. . Natural objects such 2s trees; < . 


ied & ba water, sand, ste.;tan.be.nsed to determine the se Naraee characteristics of these — 
stypes tal eDiets: 7 | 


ree - Bea cot af ane eftort wi vein develop 2 vomuier proframin wil recommend 
the pest.exposure fora particular filter; geographical location, and local sun time The 
basic program ‘wilt. be'elementary in that it will be based on data that is. currently 
available, but it will have the capability of being continualy refinedas new information 
becomes availabie. As data becomes available from density analysis. of strategically — 
important targets from the panoramic cameras, and as studies are made.as to the rela- 
tion between types af weather. and. its effect on the photographs, the computer program 
i Bee _-wilkberexpanded:to-give 1 3  etpasure recommendations. As data becomes 
cnet, t ovb, available for-other-types’ pera {3 e.jscolor.and infrared color) the program will 





ee eS be appropriatety expanded for exposure and filter recommendations with these materials. 


The actual pfugram will take the farm of emalier separate. programs {modular form) 
oe a -:g-thatzare linked together ima }bgical mamer. “Advantage will be taken of existing pro- 
wt grams, or sections of existing programs; that have a direct relationship to. the particu- 
* ore. da «dar problem at Bard... With this computer program, the capabitity of the yariable expo- 
ge eS sure Aitter mechanism can be. cased to offectiwely-increase east ais atta gathering 
potential of the: ia system. — 


Facilities and Past Work in Photocomputer Anal sis 





4.3.1 Come ter 
There are two completely independent t computer units at Itek. . The complete facility is 
eee gphownonthe next page... Tea mainiunit isa CDC~3300 that is usedfor_lens design and 
ae 2 Bo; wee ., Jarge photographic tasks; iis aiso available for. other ‘engineering efforts throughout 
Ye Ltd ee cs - » the company. Itisa high-speed digital . eomputer complete sith ‘tape units, disc files, 
ea re, _and large.memory.banks, and dt: dhag.inpot output capabilities: through.a.card reader, 
tinge .igeet card punéh, tine printer, and stigital plottes". - ‘The ether computer facility'is a CDC-924, 
aor, ee which is the predecessor of the larger-machine. tt. is a-medium speed computer, by 
Peas  Adgy’s tama at bas the Sawing ST Gh2: ‘packup-smeachine for — 
eye get on ag. 2 onwentioe. on. ie CDC+.3300- and for ammier programs. that donot need high-speed, 
Sol bee _ “barge sberage AAEREIY panda (232 - research toot for. photo-optical problems. 


The “CDC- 924 fing allot the peripheral equipment that the larger machine has, plus 
ar : omc line. CRT. dishiey unit... This $s 2 20-inch diameter scope that provides a very 
convenient methad for. research with photo- =optical computer probiems.- It has been used 

over the past year in theoretical photographic research where real time communication 





parr [agit the computer 4s essential: ~ ‘Pris theoretical work has. been performed in color 
Ala nee oe -.<< photography, tane reproduction analysis, and MTF: determination. - “EKIT Report No. 4 
pe OF ag es _cincludes such ah analysis where 2: better voler correction filter was recommended, 

Jcbased on. data from ; almissionusing color fitm-at iow:solar altitudes. In this eee 
a = oe . : oe “a. ag: R Be hist. seca 
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car the criteriz for a better reproduction were met when filters were used that :resulted in 
_wsgeeg a neutral image. Ina related area,.several programs have been developed to simulate. 
_«t'sephotographic. tone reproduction problems. ia an-effart to determine the capabilities of - by 
bicolor photography, a:computer program was written that simulated the tone repro-.  * 
2 pe + duction characteristics of a-bicolor.additive process. ‘This was-a study designedto-. ©. 
cooge os .~ #1 dearn bow.to. program photographic problems for a.computer.and to get a-better theo-. ~~ | 
oie retical understanding of bicolor photography. , . ee Fa | 
.. The-programs discussed above have been written in modular farm so that any one 
section can be pniled out of:the main program and used a8 a_smalt program by itself. 
‘For example, one could be used to compute filter factors, and another could be broken 
down for black and white tone reproduction or calculation of the CIE coordinates of 
images. Sections of a third program could be used for manipulating D-log E curves 
or for smoathing experimental data. fo * 


OF ce es Smce many of these ‘subroutines have already been developed, they can also be put” _— 
ea gees re together to form other larger programs. It is.the intent that sections of these pro- 
Me ae oo grams, and-many others-in-our ecorputer library, be used as.the basic building blocks 
+ for the proposed model. . 
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oa Computers are not being wsed-to their.fullest capability. in.the: selection of exposure . . 
and filters for orbital surveillance systems. Perhaps one reason is that not enough is ~~ 
known about aii of the parameters that have a significant influence on the final image. 
A basic reason for this type of program not being written is that the criteria for good 
exposure are not precisely defined. _Although there are many quantitative measures of 
photographic. speed,. these are all derived from some qualitative basis. Eliminating the 

ee eae dozen or sa photographie speed measures for-amateur photographs, there are three 
eee eae -speed criteria for aerial photography: {1)hali-gamma speed, (2) 9.6-gamma speed, 
Poe ter cand (3) aerial exposure index. . The fact-that there are several different measures in- 
as o> = odivates that there.is a question as to which one is the best. In fact, none of. these 
tog sorte. Terie are atalt-related to the optimum exposure required-in specific cases, since 
oo. he they don’t fake into account the cameras involved. a ae 


oe sao ce thecdesinion'nf what haze cotting fitter to use is-aléo-diffictit. It hasbeen the — 
yes ge ey aspabisy inthe past.to.ase a_stronger. haze cutting fitter om the forwardvionking camera: ~~ ‘ 


= 
. 
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ee en a te ee em See See on 


in the northern tatitude on descending orbite. In this situation the forward-looking 
camera is looking appraximaiels in the direction of the sum. ‘The resuits with this 
camera may be good im. aame.ereas and not good in others.~ ¥or. example, a Siberian 
cold front may tlear the wir. over the Soviet Union, while a humid atmosphere in 
eR, ett wi Soutkern China may-ceune x.serious joss in contrast-from_all ef the light-scattering 
- ss particles in the air. 
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: -~In the folidéwing discussions, the term weather is not used to mean general cloud 
aes eT but rather.that aspect of the weather that has 2 significant effect on the imagery 
.that is. obtained, for.example,.the ever present haze or.the thin veiling af clouds that _ 
:are not apparent on the niain cameras but obvious on. the index material, Weather is a 

. major factor.that has not been fully taken into account im previous satellite missions 





& on | for the selection of the best expesure level.and haze cutting filter. Of course there is- 
ones - good reason fer this; only. one expnsure setting and one-filter conid be used, since there 


- ------ were no adjustable mechanisms on previous cameras: With the J-3-sy#tem; four ex- 


posure. positions are avalables There is also the option.of.one of two filters:on each ~ 


camera. These will be: a device on the aici and real tine commands 
from ground. stations. mot 


The current method of. adjusting the density level of subject material is nana: 


through a three-level developing process. : Although. this is. am ingenious approach to 
the problem ; with the lack -of flexibility om the: camera;it.is perhaps. not the best way 


er a _., ‘to. solve, the, problem .from.an.image viewpoint when.camera adjustments are possible. 
“y» . ° 4. With this processing method, the exposuye must be set for the minimum luminance. 


that is to be recorded,‘ These areas would receive:{ull processing. Target areas of 
~ bhigher:luminanee must:necessarily be overexposed (by fult processing standards) and 


‘- : | =. . compensated for by under-precessing. With the adjustable slit widths in the J -3 sys- 
ove <> tome these-compensation processing techniques would not be necessary. With variable — 


speed processing; the infrared densitometer makes the decision of processing ievel 
based on its interpretation of the scene’s tuminance level. - For proper use of the vari- 
able slit widths, a decision as te wint humisance level is being photographed must be 
made without. such an aid. : 


Historically, the inaae quallty. from the forward-looking cameras has been lower | 
than from the aft-looking cameras. Explanations for this have been given but no con- 


a.“ a0 77 Tete evidence-supperting any.of these_has: heen published. Such degraded imagery | 
og et r-aemright-be que to. the Jens looking into the sun, or that a filter for which the lens was not 
eerie dere ‘eoriginally. designed-was used, or that honger shatter speeds were used, etc. 


ape < "This probienrig intimatety.retated:ta, the choice:of filter and.exposare level: - — ; 
oe a <a. tradeatfbetween the image quity-characteristica andthe hase attenuating and 


= Spectral qualities ef the fitters that are used. |. 


et seetct a _ if choosing the:proper filter;. ane should take ioskey Gaceuail the edeivael thei is 
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necessary. in the tmege-and the image quality that is alse required.: The exact-retation- 


ship between these two filters are not presently known. --By studying the past imagery, | 
both the main panoramis scayning. cameras and the index camera trends in target con- 
trast can be seen. If. there.is a.celationship between the. two, then-this cin be pro- | 
grammed into the mathematical model. -Phese considerations and how they relate. to 
~-the mathematica} model-will: ‘be. discussedin the foltowing paragraphs. 
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4.5.4 Generation of the Model 








fo 


Moe Oo gg ge 2) TWO considerations must:be accounted for,in the model: * (1) the factors influencing . 
‘the image-formation;-and (2) the-evaluation criteria for @ sditable density level of the ~~ ——- 
es __. target. At this time.there are many. unknown elements in these two considerations. ~ 7 
_s ., , «wt The target density.analysis and tone reproduction studies outlined inthe-previous st { 
|. "paragraphs willbe used for the:second consideration, = ss a ee 
See Ha so he first consideration-wiit constitut’ the bulk.of the progtam. The imitial phases = : 
of the program can be written from currently available data... Geographical position and’ ~ °°: 
local sun'time wilt: be taken into account in order-to compute the solar altitude. “This : 
stage in the precess:car be -accomplished by. taking advantage of the.computer’s large 
storage space, and storing the tabulated values required for this initia! phase of the - . 
program, The exposure levels determined will have to be quantized to the nearest of ; 
. .. . the four exposure-levels available. .The exposure information will be basically the EV. : 
cae... serve for the niaterial involved; with the feature of-automatically determining the solar; 
ih ee altitude at’any time-and place. “The essential difference will be in the criteria that are i 
Soames ts used for the particular..EV - curve.in.question, as discussed in the target density : 
oa eo. af «Ap analysis of. the: index material will be:designed to find any weather patterns that 
i out, ty havea significant effect on the photography. if such an effect does in fact occur ina ; 
ay. 359 predictable pattern, then 2. compensating: change in the exposure and/or filtration can 
be made. : For exampte, the monsoon season in Southeast.Asia may.have some far | 
reaching effects in the north that would degrade-or improve the ground scene imagery 
through changes: im-atmospheric contrast. If this type of occurrence does have some 
particular effect on the photography, appropriate. corrections: can be programmed to 
account for it.: Both panoramic cameras and the index camera will be used in conjunc- 
‘tion. The panoramic cameras can somelimes “iook through” Jight cloud formations 
nou oo? oy a Which arénot.jmmediatety-obvians less the index material is.used. It is this rela- 
ige + dionship that will provide the most meaningful data. | 
Se ee are Section 4.1.3 details the index.camera analysis..- It-is intended that this imagery — 
» wich © itv. be used gontinually to increase pur-understanding of the periodic weather patterns that 
ae oe hee ‘pecur, and te update the program so that it can provide more accurate exposure and oe 
og. Be ug ditter recommendations: -As-new index material-becomes available, the past predic- : 
? | computer pregram ean be expanded or reduced in size. 
When photographicaily significant patterns are found, they can be fed into the 
computer and stored in the forin of globa} maps, suchas that illustrated in Fig. 4-3. 
This map was plotted by the-compater from storage af the appropriate data points 
representing the countries... Fais typecnt.piot can be used to: store and study.the data 
SMe. see from.the index material. Ques 
eo (86 og oper AWith the flexibility that has been built-into the J-3 system, materials other than 
- .~ 21.3404 can be used... Color photography with either a. standard color material or an 
‘ “0 ie vat = * my doit " fe 4-37 r : 
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: infrared color-{camouflage detection) emulsion, or high speed black and white emul- 
-.. “sions for night photography might be used.. There are very special problems involved 


Sd aw amine cplov-ciabe rials ar lle) cites tek ace present whew uaing 3404. Color 
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ee 
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 materixt photography cannot use the deep orange or_red haze-cutting filters, since the 


~ images will look orange. or, red. Instead, a pale yellow haze-cutting filter’ {i.e., Wratten wae 


"no. 2E-or Wratten po. 4) must:-be used. Though this effectively. cuts the sensitivity of 


ie blue-.senditive record, dts use is necessary ta reduce the bluish hazelight to a tol- | 


erable level. When this is done, the image produced is yellow. To compensate for 
this, a blue CC filter. must be used.- Though.this seems like.a paradox, the.use of both 
a blue and a yellow filter (which to the eye may look neutral) does not affect the film / 
haze relationship as #f it were neutral. The filter combination corrects for the haze, 
with the only significant disadvantage that deep blues may not be recorded accurately. 


Though the: ‘computer techniques available at this time cannot give the correct filter 


: .i4 ¢ combinations for different weather and/or sotar-altitude conditions; it is expected that 


Pratl 


as. nrere data.becames: available, this. programming system can be used effectively. 
. The fact that the computer programs discussed pera have been written in modular 
“+ form. a Oa eae into- other forms. 
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0 0) 23...GEOMETRIC “VERIFICATION ~ 


The geometric integrity of the J-3 panoramic camera system has a direct 
~ influence on both the intelligence and mensurational potential of the ‘output photographic 
imagery. This integrity is primarily maintained to fulfill the fundamental requirement 


Ao a: 
: . 
°F cae came entire tp ig ed oe 8 


of the acquisition system, i.e., to provide extensive stereoscopic photographic coverage ~* 


. Of the ground with enffirient detaii-to. allow a photeinterpreter to recognize, evaluate,’ 


alae Jett aad monitor selected targeta. The quatity ofthe resuitant sia ce oe this. 

a «=. fe Se — primary geometric integrity. | 

a os ee ee a eee ee meee ita waitestek the secondary 

$M see Te, ow ‘requirement. of the J-3 system, isthe geometric integrity related tothe mensurational 
.. See +4... t fasks of dimensional intelligence and mapping, charting, and geodetic (MC&G) opera- 
pw. tr 854-25. fens: System provisions: (stability and calibration) have been made for these latter | 


"requirements and, just 2s it is proposed in Sectioas. 3 and-4 to-perfornr system analysis 


studies on the primary system requirement, it is proposed in this section to perform 
system analysis studies for the purpose of verifying these metric system provisions. 


The proposed analysis will be divided into two subphases: relative system 
orientation (described in Section 5.1) and internal calibration cone (Section 5. 2). 


i Bal PHASE’ 1--RELATIVE. SYSTEM. ORIENTATION 
owe? 4 ee 3 om . The total acquisition system contains nine photographic subsystems, six : of which 
ita as oe _are. contained in the main J-3 system assembiy.and three.of.which.are.contained in the. 
See bec, oP - % DIsTe: assembly. ’ ‘Each assembly.is provided: with a preflight relative system ‘orienta- 
a _vtien calibration; however, the separate assemblies are-in no-way. calibrated with 
Or Re ates, eens each other... The primary effort in this: phase willbe: the postflight :verifica- 





atic GE ha Hewat the-preftight- calibrated: relative orieata: 





groan in thie phase will be an analysis lee rsiamiiadn ir orientation between the 
two major assemblies (J73/DISIC). 


The Be ee Se eae eee ees cotaunbixtty ‘at whose 
request the relative prientation calibration is_performed. | ‘Phe rapid orientation and 


Tt, 


eS. 


» a 


<< : als »' Of the-angular values tobe verified. -As a confirmatian. of the scope of this-phase, the 
: : 2 Investigations proposed in. ia aie a 5.1.1-were discussed with a cognizant member 





= a oe ee 


}- i.e; panoramic shereo angie and auxiliary optics anglos- A secondary — 


“TR on debe redaction ¢eehuieued employed by:this. commiunity-are based-on cirect_utilization — 


ee ee 
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_of the intelligence community. His opinions and experience are > reflected in the 
proposed effort. — 


x <v It is proposed that phase.l1.cperations be performed: on the first ae operational 
- _.¢ missions: The reagons for.this are: - (1) the first four missions. will carry a diagnostic 
_* fy... tape.which will provide collateral data:on geometry,influencing environmental effects. =. 
"1,7 ~ >and will also-provide data: on attitude. “jet” firings to mdicate object-space “breaks” in = - 
.. ... the geometry, and_(2).a sampling of four missions will allow a sufficient statistical tO 
- analysis of the scrip iia Danna 


5.1.1 Main System Relative Orientation - & we 7a a 3 
The objective of this portion of the. breads analysis studies is to adteoine the 7 
relative orientation between the camera subsystems that comprise a complete J-3 : 
— o system.. This is to.be accomplished from.recovered photographic records, and will ; 
“os ada Serve to verify:the preflight calibration of the relative orientations. — oY 


“os ee . It is proposed to accomplish this determination through the use of bothframe and = 
. panoramie. imagery. that has-been exposed-over known terrain, in which sufficient photo- — 
is » penntiables, gronnd control:is located. : The procedure for. carrying out this determina- 
{tion is- described in the following paragraphs. 


‘data sceniagtth the intercamera reintionkiion® obtained from the assembled camera/ 
vehicle system, and forms the basis for checking this calibration.. These relationships 
are illustrated in Figs. .5-1, 5- 2, 5-3, and 5-4. 


Materials from all camera: systems, taken during passes over areas of geodetic 
control, must be furnished. 


. . The panoramic imagery that is-proposed for use in this. annie will consist of 
tg 2, a Samples. -af fore andaft panoramic records that have been exposed at essentially the _ 
wf. «i Same Hime. This isnot to say that times of midexposure must coincide, but that there 


a ge is some oyerlapping. time interval during. which.some.portian of both. panoramic frames 
ols is being exposed. ee ene as eee one ee ee eae is 
=" Bot: pRecene ary: 


a i 


Ase ne yy, Phemumber. of frame photographs mithe which the peneraitaic records overlap : may 


seem oo De-ae-lJarge as Squr-eopsecutive.exposeres.: it ia-recommended that all frame photo- 
graphs that overlap the panoramic imagery be processed. 


Ground control points willbe identified om the selectedimagery, and survey 
coordinate values will be established. This.can be done.either aver areas for Which 
accurate maps exist, or overvane. of. the Government maintained test areas,. e.g., the 

ne _ Arizona Test Area’ Photogrammetric Range which is. situated at 33° 15''N, 112° 11' w, 
nae ce oe -pand-extends East, West, -and. ‘South of Phoenix, sea tac Designed for the test and 
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nee 1.000 
x ots «Fig. 5-8 — Mazin collimator optical schematic 
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: SPig. 5-4 Fingteoe optics vollim#tor optical schematic” 
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.. @valuation of aerial cameras and mapping techniques, this range is based:on. existing 


pe ea 4.t. road networks and utilizes precision-ground. surveys to achieve a ae ee of 
eo) te ageuracy in the. ‘knowledge ‘of point position. . 


wee o> She ge ee ‘Bach station of this range consists of x momment and a companion photographic’ 
ear eer ~ point... Complete data on each station within the surveyed area is available, in card 
Seager iad pepe to Department of Defense agencies ona. “no sie ee ‘loan basis from the ATHY 
- 2 _ Map Service. - 


. Measurentents from these photographs can be pcecéidad ies itek’s’ ‘FOTO 3 © 
program, which is essentially a block triangulation that simultaneously processes 
frame photographs and. imagery obtained from the J-3 panoramic camera.” This pro- 
gram is a completely weighted solution that is constrained to the appropriate orbital 
parameters. It is capable of accepting any number of frame and panoramic exposures, 

he, ea res 4a the _storage limitations of the. data processing equipment. 


go fap a — -" “Dhe application af the: FOTO 3 program to.the panoramic amt-frame records will 


eer -- provide the orientations .af each exposure at the middle of scan, i.e., a = 0, for the — 

ae Piss panoramic photographs, together-with the roafficients of a time dependent polyriomial ~ 
boomy oo. 7 ov that expresses the vehicntar attitude in terms of the angular. velocities, -acceilerations, 
$ret Pe a ae * and rate of change of acceleration. Consequently it is a matter of arithmetic manipula- 


Lae oo 2 sku tian to neduce-the camera aetates Sma Taterence tims during the interval of 
eae “commen exposure. 


‘The panoramic: camera orientations are ‘then transformed into the two orientations 
that correspond to the midpoints of scans, but free from the different vehicular atti- 
tudes that -might-exist at these separate times. The reduced orientation matrices are 
readily transformed into the relative orientation matrix and comperes with that obtain- 
ed from the preflight calibrations. “2 


Mt he he a | Since. ait reductions wilt be performed withthe concurrent propagation of the 
WE 25 | a “ tree sant wariaare covariance matrices, the statistical significance of any difference :; 
oe. eae on the ee relative orientation is s readily Getermined,. a3 





The procedure described eons tan be stitived es give emeten eegueiing the 
calibration af the. angies between the horizon optics (HQ) and the associated panoramic 
instruments.. Calibration of these angles is‘performed in the A/P Isboratery:prior to 

. flight. . This calibration data caa-be-used with the horizon images to determine | pitch 


= saree ~« sal row of the pancramic camera at-an-instant of exposure. = These game angtes van be — 


S. Eee * determined from the — acfastment (FOTO. .3-program }) described above. 
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--Comparison of these should reveal validity of the preflight calibration. Significant 


__.+- se inwalid calibration procedure. - | ; 
we “The probtem of-evabating the third orientation: angle; yaw, remains insoluble. 


- 2. .... This angle tan only be determined from the horizon photograph if clearly. identifiable 
+». +. iterrain features are also visible. PEN 8 SS Ae ie 


OO Lpaseng SE 


pine sate em 


_ Wher distussing the HO check with’ -primary-user.of this data, he concurred 
with the desire to-check these angles; however, he reminded us:that the-measurement 


of the horizon image would ltmit our 


‘analysis to input values well in excess of (much 


poorer. than) the calibrated“values. Therefore, the usefulness of this check is” 


questionable. 


--- {tthougir it is desirable to perform this postflight geometric investigation for each | 


. “system that is flown, consideration of time. and cost seems to rule this out, since one™ 
tp eT cmonth is intended for the. redurtion. “Therefore, we propose to perform this adjustment 
-"asa check on thetirst four systenis. : Should difficulties. De revealed and remedial — 


- =». ®t actton taken on successive systems, 
kind shotiid reduce aii deviations to within the preset tolerance levels.’ 


a sae 
‘ ; 
ot. 


“a8 


+e * + 
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me 
oe aos 
= 


- + f “syst = a8 
=. two subsystems ‘with respect to each other.” & negative result texcessive flexure) will: - 
. ..elieunate farther-consideration of this-catibration. dk pesitive result (relative rigidity) 


a 
a Oe 


rae 


fhe reduction would be repeated. Iteration of this 


The:biock adjustment programs discussed above are rapabie-of imposing camera 
orientations during the adjustment, if these are éstablished apriori.. The most complete 
adjustment would require imposing the orientation given by the stellar cameras. At 
present we propose. that the information.on the pertinent frames be made available to 
us within a week of.the recovery of the material. ‘Time considerations would require 
that the stellar frathes-for this analysis be reduced before any other of the steliar 


_ photography. 





may enatte direct nee of .stetlar attitade data for panoramic orientation. 


The model developed for Section.S:1.4 is tireetly applicable to this analysis. ‘Tt 
is only. necessary tobe ahje to perform the block adjustment for different passes over 
controlled areas, to reveal stifferences in relative orientation between panoramic and .. 


stellar /index cameras. 





ttributed to either a.change in HO angles after calibration, or to an 
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. op i) 5:2 PHASE.2—INTERNAL. GEOMETRY ANALYSIS | Pee eee 


+. -.Each of the camera subassemblies constituting a'J-3 system is provided with a. : 


Stat, -panoramnic geometry (PG) calibration. _Phis.calibration of {ngernal.camera geometry: 


--not-only provides a means of recovering correct image. coordinate data of ground. .. 
-¢ points, but conversely. provides a means of determining physical-camera operations as’. 


""“-geflected in the geametric (PG) record. 


The goal of this phase of the preposed system analysis studies will be to determine . 


the stability of.the operation of the camera. It should he emphasized that the work 
proposed for this phase cannot establish the accuracy. of the PG calibration, but it is 


“yather an analysis of camera dynamics (vibration, film motion, etc.) as evidenced by 


the distribution of PG calibration data (rail holes and PG traces) along the format. 
This, in turn, will provide insight for PG utilization and possible camera engineering 
improvements. _—j | ; ask -3 ay S 


_y > -The.beneficiaties of this phase will..be: the users 6f.PG in.MC&G operations | — 

_. , and tke users of PG for camera performance analysis. The scope of the investigation 
_¢ proposed in Section 5.2.1 +has.been faxmd (through experience on d-1 PG systems at 

- «the Data Analysis Center; Army. Map Service, and Aerial Chart and Information Center) 


to- provide the greatest amonnt af infarmation for the effort involved, 


ws “ 


i ae is proposed. that phage 2 be performed on every mission. _It is believed that the 


engineering benefits to be derived and the “preapplication” information on image 
geometry will be invaluable to. the total community. 


5.2.1° Camera Dynamics Analysis 


One of the goals of the system analysis studies will be to determine the stability _ 
of the camera’s operation. .The means fo determine.data with_respect to. stability must 
be hased.ugon.the a.angies of the. rail holes and the £. angles. of the. scan traces as 


established during preflight calibration. Additionally, the test sample-must be large 


, enemgh {say six frames. per camera per: bucket} 20 that. the results. are statistically -- 


_< wignificaat. | 


Pity __. It is proposed that the following. procedure be used. io extract;.reduce, and analyze es 


Sh B. dc Maer 880 compazados will be weed $e: measure the coordinates of rail holes 


inch. stage, the panoramic images wilt be measured in.two segments which overlap at 
the center ofthe frame. Observations willbe mad¢-in. duplicate in two separate passes 
to ensure theelimisation of errors ani the imprevement ef coordinate values. 


2. Uping-2.digita’ computer; the-meamereiments from: the-two passes will be 


ae ‘ast +: vapedaged ankerroneous measurements will be éliminated.. The logic for the latter 
oy 47 operation must be built inta the computer program. This logic will comprise the 
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getting of a Limit on -the-differences from. the ae ane oe elimination af es ‘when 


- ‘the limit is exceeded. ee 3 ae : 
a 3g Using -audigital computer anda teast-squares- program, the seenent coordinates. - 
4 ~ »will be transformed inta-a single coordinate-system by traaslation and ‘rotation. — 
Pi ae a a gees . Also uging a. digital computer. and.aleast-squares program, coordinates will be “e 
ye transtarmed tn @ réctangular coordinate system wherein the ordigate passes through 


the center-of-scan rail hole, the origin is at the imaginary trace of. the principal point, 
and the abscissa. is the best. straight line parallel to the scan traces. 


aA digital computer, a least-squares Fourier analysis program, and the pre- 
flight calibration data will be used to determine transformation parameters which will 
reduce the residuais in .Y at rail holes, and the residuals in X at scan trace points, . 
to negligible proportions. 


Wo a linen. > G2 Coordinates “wilt be-trensierantéd ints the: theoretical cylindrical calibration “« 


Jog OR aot ‘system-using a digital computer and the transformation found in step 5 above. 

-. 4. se 2k Ding adigited computer, the average. transformation coefficients for all 
Rigo Gosia: samples processed for each camera will be determined. 
ee ine - at 7 .2.8,. Using a digital.computer and the average transformation coefficients, the 
see cae ee  eoatdiatstes Roiad in step 4 for. all _samples will be transformed into the theoretical 


cylindrical system. 


9. The digital eiciet will be used to calculate the asterminahional precision 
for each rail hole as based.on an average transformation. 


10. In sequence, the higher frequency terms will be eliminated from the average 
transformation found in step.7, and steps 8.and 9 will be. repeated, 


see ae » Ad... An-evaluation ‘will be made of the. frequency: components found in step 5 and 

ask eae ': their variation, Sample to sample, with respect to phenomena within the camera/film _ 
ae «system. This evaluation is directed toward camera.improyement and should be cor- 
ae - een “,, related with data taken concerning image quality. 


a aS oe. The results of.stea.9 and subsequent iterations of. step 10. will be evaluated 
5 ue .¢- yan-Pedated to: the problems af operational data ‘eeduction-in-the waer. community. 


The above ‘protedere requires the preparation of computer: programs for stepe 
2 nae 9. . . ‘ 


5.2.2 ecient al Inftubnce | . 
7 -. & The. procedutes described. abore. nici: eee a determining the effect of the 


ee Pa ae operational environment.on the camera dymamic operations:as reiated to the distribu- 
ryt oe = _* flog of the calibration. data over the farmat... ‘Environmental influences. on resolution, 
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or structural-stability, and thermal sensitivity. can be detected by the application of these 
sce! ~s procedures, and by-correlation of-the.observed anomalies with environmental.data 
. « whichis recorded on the diagnostic tapes. 


. 7 These -tapes-contain. digitally’ recorded flight data indexed on a time word, including | a 
--temperamire, certazin_mechanical functions, and-monitoring of attitude jet firings. It is 
“understood that these tapes are produced is a farmet which is nof-directly computer 


readable; but that can be converted to'a form which is acceptable by the computer. It 
is assumed that. the converted data will be made available for this investigation. 


The technique employed will be to.scan these tapes for anomalous data and, if any 
is found, the materials exposed during these periods will be investigated for resolution 
and for panoramic geometry stability. Should no obvious environmental anomalies be 
detected, a sampling technique will be developed to select a random sample of imagery 
from the total:flight duration... This sample, wilt be reduced as in Section 5.2.1, and we 


..: s#. Wil attempt to detarmrine if deviations from calibration can be correlated with environ- 


mental conditions. 
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~ 2 .¢..6. PETZVAL THERMAL. VACUUM TESTING 


6.1°BACKGROUND 


- Temperature gradients are to be expected in the Petzval lens cells when used in 
flight applications. During the passive phases of a mission, a linear temperature 
gradient may occur along the principal axis of the cell. Asa result of the construction 
and mounting provisions of the cell, it may be.assumed that-such gradients will be 


i> vaxisymmetric. “The lens cedi and taticone:bave-been designed to. be thermally self- 
--. “compensating and; over the course of-a:-mission;-uniform temperature levei changes 


of-+10 °F. are permitted.. However, during an operating rycle,; transient temperature 


} os bopesdapemelta and atmo ae expected as 2 °resuit of exposure to. varying quan- 


“tities of reflected sotar energy (albedo) and earthshine; these responses may be non- | 


es Gaiauapetats .The above-mentioned factors may result in a thermally induced nage 


degradation. 
6.2 PROGRAM 


Itek proposes to-modify the experimental equipment for the existing thermal/ 
optical research facility to permit a series of experiments in which two Petzval lens 
cells will be subjected to an identical set of thermal-vacuum optical performance tests 
in autocollimation. . The proposed test. cee eas is. illustrated schematically in 
Fig. 6-1. 


-, 2 2-7 A-vacuum of at least ie-* terr will -be-utilized to elinrinate the effects of gaseous 
-<gonduction and convection heat transfer, pressure,-and.turbulence.. Tests will also be 


- -wurat a pressure of 20 microns to:assesrs-the effect of-the pressure makeup system. 


; _Thermat testing will include: uniform temperature level changes of #10,.220, and 
: *30°F; and axial temperature gradients.in:the cell elements. (achieved-during'transient 
ee operation). Bath absolute and differential temperatures: ‘will be recorded during these - 


‘ftek’s laser unequal path interferometer wilt-be used -to obtain inferterence fringe 
patterns, and thus evaluate the changes in thése patterns resulting from the imposed 
thermal conditions... By incorporating additional optical equipment {such as a bar tar-_ 
get) together with a remotely operated detector, other thermally induced changes in 
__;.Optizal parameters ‘will bs evaluated: these will inchude changes in. equivalent focal 


- ~ length and resohition. 


The results of the proposed testing Will be completely reported and will include 


: ge ee test data. 
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TOP-SECRET C 


Say, OO HET, Sc icra OF EXPOSURE BY MEANS OF 
we _ . DENSITY ANALYSIS 


In order to validly apply the type of density analysis presently utilized to the 
_ exposure’ problem, the following assumptians must also be valid. 


eo Agee. ae 4... Phe minimum: and:maximum. arena alate chosen havea ‘hee 
Sie ee 2" - ..+ «meaning 


Soe cag ~ 1 erTain-megsured” _— vajues have a direct. covteepuaienta with “target- 
een gee . measured” density values 


a ae i ee " a a : The placing of a minimum brighiness at some spécified level on the D-log E- 
-. curve ig important 


Let us Scunidar each-one of these assumptions. 


1. MINIMUM AND MAXIMUM. DENSITY LEVELS 


Fig. A-1 illustrates the principle behind assumption 1. In order to make any 

bec oe... interpretations: from the density data: one must make-an assumption as to what is a- 
Se elles yy oc “good” density and what is a “bad” density. Fig. A-1 illustrates the assumption 
ere peeked being employed in practice. That is, that. minimum densities below 0.48 are 
Parte see 3 PE eas « . tog low-agd that-maximum densities ‘above .2:0: are: too-high:: At the high end there is 
oo ae, vee probably little disagreement. At the low end, however, there is considerable disagree- 

a et Fy ““Ineut as to. what is an acceptahle (i.e.,:usable) minimum density... For. example, if we 
‘4 aes sara cranaaat Fig; 4-1, we can make-a nseful comparison. . Tabie:A-1 shows what the 
a pee ~ e tated x mat ag ne ee een eee eee ° 





acouplatié Dmnin- 


~ His eiieh diel the anally tik ta Gace as fia tnin inate abbeceabis plays an 
important rote in trying to draw coaclusions about exposure and its adequacy. How- 
ever, the fact alone that minimum acceptabie densities are assumed a priori is not, by 


. itself, justification for discrediting the density. analysis technique. It is perhaps more 
a Bawiery ae ea to investigate its relation (or iack-thereof) to the targets. 
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-.. + 2,--TERRAIN-MEASURED DENSITY. VALUES 


en ie eee + The density analysis values .reperted are measured from “terrain” areas. The 
| _., sdensitometer operator reviews the. material and makes Dmniq-and Dmax measurements 
| 2 day tterrain-areas af interest,” .These.areas do not necessarily contain targets, and in 
-. >. fact there is no. assurance. that any of the-:measurements.have-beeg made in target 


: 
| 
E 
; 
: 
8 
é 


=> 


. the population: measured, It ig not necessarily true that this. is a statistical process, 
A statistical process depends upon the random occurrence of events. The targets of 
interest do not fall randomly within the frame, nor are they necessarily random in 
terms of their luminance distribution. The targets photographed with the Corona 
system are not a random collection of items but a rather well-defined series of nearly 
exclusively man-made objects. Because they are not necessarily random (but are 

s+... s-. Specific) in nature,-it follows that their brightness distributies-may not be random! ‘ 

ae = = ',” distributed. -Onee one. comes to this conclusion, it car be seen that there is not wa 
+. 26: ' necessarily a:corretation between arbitrary “terrain Dmin’s,” their adequacy, and the 
pe cea ees >. target densities, and their adequacy... Statistical analysis is not.mecessarily valid 

 .fuetiche just because. there is a great yantity of data. - | 7 


+ 4. 2°. 3t MINIMUM BRIGHTNESS UTILITY __ nite . os e. 
' Referring onee.again to: Fig. 4-1,-we can assess the utility of the minimum : 
luminance concept in exposure control analysis. The data presented in Fig. 4-1 rep- 
resents the distribution of minimum luminances determined from the measured mini- 
mum densities..-These are determined by “back calculating” to take into account the 
film sensitometry, .camera characteristics, etc., and thus determine the apparent 
luminance as seen-by the camera above the atmosphere, This type of analysis is 
oe _.-.- excellent for studies of brightness ratios above the.atmosphere. But in reiate this to 
H+ aw. _ Sepasure determination requires three assumptions: a 


os ‘ty tere? dy The data is meaningtyt and physically relatable (or extrapolatabie) to targets 
- : . 2,. The data-is accurate to-a reasonabie tolerance _ 
. y + 3 .We are interested.in basing exposure-criteria on duminance per se 


", #-,v:.* * /There is some question that any of these assumptions can he made. Fig. A-2 
4” ee * Serves £0. illustrate the. basic aggument that ene can: make when using mininnrm iumi- : 
Age. 7h. a Ence dete to.siran conclusions regarding eeposure adequacy. Referring to the figure 

(which is only an example for illustrative purposes) the argument would be as follows: 
1. “The D-log £ eurve shown is the process curve to which we must work. We 
would like to expose the majority of detati ‘of interest between the Dmin and Dmax 
. limits indicated. ee | | 


Coe eee -« 2. The resolving power versus leg E ‘curve telld ws where'on The D-log E curves 
. 2%. 7 9 We want to optimize our exposure for, after we consider the latitude available. 
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Density 


Maximum acceptable Dmax (2-9) 


- D-log. E curve 


Resolving power versus log E 


Minimum acceptable 
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- 2 Pig. A-2--—-~ Example ef exposure argument based un minimum.Juminance . 
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aoe 3. It is now a question of properly placing our scene brightness on the curve = > Be 
+ ,.wjthin the constraints of 1 and 2 above. Curve 1. shows a large percent ofthe mini- | | 


"+ umm Juminances. recorded below the 0.48 level and hence partly underexposed. Curves ‘ 
2 and 3 indicate:greater exposure with curve 3-being the most acceptable, since the . 
_-*vast majority of the minimum juminance values are recarded above the 0.48 density __. ad 
. > tevel, Se oe oe ges _u oo oj 
iris type of analysis is intended to prove that, if the frequency of occurrence of : 
low minimum Juminance values is high, the photography is underexposed. As stated, 
this conclusion is valid ofly if the above three assumptions are valid. Let us now 
consider these assumptions, - 
‘The question of whether or not the data is meaningful relates directly to the ques- , 
tion that was discussed above. This type of analysis is meaningful if the randomly 7 
_it2 i .. gathered “terrain”. data relates directly to the targets, That is, if-we can assume ae 
> = celae “from Fig..4-1) that 40 perrent of ‘the targets hada minimum luminance in the 300-foot- oo : 
se _ ~ - lambert cell, then the analysis can lead to conclusions about exposure. If, however, it — } 
Vlg «2 cis not assured that the targets are in the same population as the “terrain-measured” a 
oo ae - Values; then the extrapolation.is invalid. The possibility exists that a minimum lumi- of 
ba, roe om «nance histogram for target areas would look quite different from that for random 
po on cpl => terrain areas.. The assumption, then, that the calculated minimum Juminance values . 


Svs So Shewe a physical relation to the targets is;. at best, questianable. | _ | ] 


The second assumption; that the data is accurate to a realistic tolerance, is also 
questionable. Photographic photometry is at best a difficult task, Even with an 
extremely well-calibrated camera system, precisely controlled processing, and careful 
analysis, the very best accuracy that can be hoped for is +10 percent. Unfortunately, 
in the case of the Corona system, the conditions are not ideal. We know much less than 

2 a: 3+ ~~» WE WOuld like to about the characteristics of the camera while.flying, and the process- 
“ew) <<. ing cantrol is not completely adequate. * 


idee oe The point is, that to make truly accurate luminance measurements from photo- 


| were 2 Qraphie photometry-requires that: (2) we know the exact exposure time, (2)we | ' 
+ * «ys. accurately know the lens transmission, (3)-the actual filter factor. for the fitter used 
- «0 .4 ts known, (4) the leng f/stop is well ‘known, (5). the. sensitometry for the frame pro- 
{3 -<:¢- Cessed_is-well Jnewn, and (6) we knew something abowt the target. Although we know 


certify that we ean calculate the object luminance to +10 percent. In fact, if one 
carefully analyzes the errors that could exist in the knowledge of the above, the calcula- 
tions of minimum luminance coutd-be off by as much ag 160 percent, il eh 





Metts “ay veg | tim this context this implies onig that ve sensitometric processing with the 
ww 7g aultimate in controls. ig Qot being given. It is-:realized that. this.is inmossible under 
- .. . Operational conditiong. . 
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‘is.  Attacking-the third assumption.is somewhat like attacking a sacred cow, 
' ,» \Historically, exposure vaiculations have been made. by placing some minimum lumi- 
“. “w Hance af some density on theDelog.E curve. . But the luminance values themselves - 


» “Bre not the important factor, but only ‘a means:by. which to Make entty to the D-log E 


-»» Curve. What is important-is the reflectance of the objects, or better yet, the-lowest 


. ‘Beflectance objects of interest,’ In other words, in exposure. considerations it is not 

important that some-minimum luminanee ds reproduced at a given density, but rather 
it is important that the minimum reflectance object of interest is reproduced at some 
density. It is obvious why this is true when one considers that a given object with a 
given reflectance wil] have a continuum of luminance values depending on the solar 
elevation, cloud cover, haze, etc. Therefore, to make conclusions about exposure from 
minimum luminance data is somewhat dubious since the luminance values measured 
Say nothing about the reflectance of the target, 


- The above argument is- somewhat oversimplified, for, in fact, one is not really 


«dterested in the minimum reflectance objact of interest, but in the total frequency dis- 


. tribution of target feflectances to be encountered on the mission, It is realized that 





. there is a dimi exposure lJatioute available on the film,-and.that.under any conditions, 
:'. ° ;.gxposure selection is a compromise. To make the best possible compromise, it would 
‘: 4 ultimately be desirable to know the frequency distribution of the known targets to be 
--; 1 Sovered. With this information one could now bias the exposure selection low if a 
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' ANALYSIS OF CORN TARGETS 


i ee 


The controlled range network (CORN) is a series of instrumented permanent and 
mobile optical reconnaissance target displays located throughout the United States. 
a The mobjle arrays contain a medium contrast “T’..bar. target, edge analysis targets 
eae 2. Le (which can ztso he nsed-for photometric analysis}, 2 gray scale, a high contrast “T” ; 
“he 2 +- "+. > bar target; a modified™ MIL-STD-150A, a tricolor target, and a point source target. | 
vw otic. co, The targets of importance to this. study are the gray scales and the photometric targets. 
- - .° «The physical dimensions of these are shown in Fig. B-1. . 
oe a De Ps For each mission these targets. can be, and often are, displayed and nronitored. 
t .- “i ~ «Hf photographed, we then have a.control in that we know ‘how the system recorded 
Stns 3. @bjects of known reflectance. We now plan to analyze these step wedges and photo- 
metric patchea to establish a curve.of original negative density versus object reflec- 
tance. The analysis will be made by microdensitometry. A first analysis indicates 
that the microdensitometry. may not be too much of a problem. We need, of course, to 
use the largest slit we can to reduce noise in the trace due to film granularity. 


= 


In the process of preparing this proposal, we reviewed the AFSPPF reports on 


“ :+) point we conducted a simple experiment. 


S igi ues, _ A target array was made-up cossisting of 2 low.contrast (2:4) reeniving power — 
"  ; tc harget ands gray ecale,”-Pheae were photographed on 3404 film to-give a-reduced gray 


Fo Se ose From thie test at $2 obvious that tt witi betiffiruit te-detect-the individual steps in 
. .;+ +/;-the.wedges.-. The individual steps could: be determines by. a. measurement technique, 





- Bel | 





+. gine we will know the exact scale and size of the targets on the 3404 film. However, 
_* .«sfor-mere useful analysis ofthe CORN-step tablets, minor alteration of the CORN 
+ < array would seem: in order. . Specifically, we suggest that-the steps.of the wedge be 
_ |..“."physically separated, and surrounded by a black background. In this manner, we can 
are oe eliminate the influence of adjacent-targets ani/or ground terrain luminance on the 


. oF gem ‘density recorded from the.CORW, step wedge. 


“lo Phere is a second approach that could be used, however; tf tracing the. step tablet 
becomes too difficult because of the noise. This approach would involve a multiple 
tracing and computer-averaging technique. We have developed techniques for perform- 
ing and feeding into a computer multiple microdensitometer traces of a target. The 
computer averages the multiple inputs and plots out a smoother trace. If necessary 
this approach will be employed. 
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160 feet | 





- ... Reflectance, percent 





{a) step wedge showing percent reflectances 
: and dimensions 


200 feet 





37 percent 


3 percent 


" 1. - |” 0} edge analysis (photometric) target showing 


aw - 7% 2, 2. . penecent.reflectances and dimensions 


_ Fig: B-1— CORN step wedge and edge analysis (photometric) targets. 
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REPRODUCTION ANALYSIS 


1. ‘DISCUSSION OF PROBLEM 


The purpose of a reconnaissance camera is to record as faithfully as possible 
Fe . information concerning the ground scene.~ For the purposes of-high altitude panchro- > 
i»  & a» . Matic aerial reconnaissance, this information is im the form of luminance distribution — 
tek on _ * yand geometrical configurations.. Unfortunately, the photographic ae process 


ee, alters. both of. these. basic ‘image characteristics. 
Se ai a ae >A Effect of. At 





ees = one The aio sphere complicates the photarecording process:in two ways: (1) it 
reduces object luminance through scatter and absorption, and (2) it increases object 
luminance through the addition of its own energy. This phenomenon can be expressed 
matiemadcally as 


By = IgRgTa . Ba | | (1) 


eve ws Where .Bo = luminance of the object above the atmosphere 
Bie oe oo ei UL Ey = s0kar dNumination 

pvieke, boro = Rg = object reflectance - 

ee Dg -= atmospheric: transmission 

SEO eae Re oa? ‘stmaspheric luminance 
Re ry ce ae i there were no atmpaphere and no-caméma Sere; there-woukl be a: linear Frelation- | 
5g O58 2 =e Gen ee ground sbject huninauce.: -_Beceuse af the atmosphere 
Sageee A and camera flare, however, the relationship is nonlinear. - A simple relationship-can be 

established to calculate the effect of atmospheric luminance on a given camera system. 


atic light losses through a lens can be expressed as, eee er eae 
r ‘ oe as * 
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~~ where ~ I¢ = illumination in focal plane 
. ‘ Ty=.lens transmission 
+ {/no. = relative aperture 
. 5 «+ F eftiter-factor | 
"0 By = Object luminance 
.:°. . Substituting. Equation (1) in Equation (2), and taking camera exposere time into account, 
we obtain 


E= t(IsRgTa + Ba)T) (3) 


4(f/no.)*F 


where’ E = exposure in foot-candle- seconds 
t = exposure time 
B= filter factor 

hy . »-f/ne.= relative aperture 

“es. Ig = salar illumination 

+r Ry.= object reflectance 

"ge “g'Tg = atmospheric. transmission 

/ «| Bg = atmospheric luminance 
pe 'T) = .lens.transmission | 


Equation (3) can be made to yield exposure in meter-candle-seconds (a term more 
commonly employed in film evaluation), by the multiplication of the numerator by 10.76 
(1 foot-candle:= 10.76. meter-candles), Thus, Equation (3) becomes 


'2.7t (IsRgTa + Ba)T | 
O = ——~GinoF a 4) 


- 6. od _-¢,--Equation (4) can now be used-to calculate the effect.on a giver atmosphere on the — 
EONS | Sround scene and to.iustrate how this effect alters the-camera exposure. Fig. C-1 _ 
. °c. + ilustrates-the point. ~The. effect On @ constant atmosphere-was calculated for a given 


“range of ground Inminanee..- The assumed lens and atmospheric conditions are noted 


. 
Ceo 


(os omthe figure.» From this figure, the exposure resulting after atmospheric attenuation — 


er iaclearly demonstrated: be contreat_lovs accrued by. the atmosphere is iHustrated | 
ate oo... by dbject:b. and its background b’; which are presented to the fiim as a and a’. There 
is a definite loss in contrast. a 


The figure further‘emphasizes an important point: the atmospheric attenuation, 

being uniform, produces a nonlinear iteration of object luminances.. This nontinear 

_ degradation of the original scene complicates the recording process in that a simple 
Ssetcger, increase: in gamma, to increase the recorded object contrast, ‘does at truly compen-. 
‘o> bate far the iteration th original dbjest contrast. The purpose of the-reconnaissance 
- ... Mission is to. record information about the ground scene.and, ultimately, the greatest 
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".. . “+i. information will be recorded when.the. ground ‘scene ig perfectly reproduced. Obtain- 
a #4 *. °. 7 ing-a perfect repraduction is difficult, however, unless. one considers not only the 
eT. nat taking material-but.the duplicating material as well. For optimum reproduction of 


— (ground seene-detai] {from the tone reproduction.standpoint), it is necessary to select i 
- <n... .* bout the praper-negative apd positive duplicating films. - | fe Ss : 
oye wo. Ss Sead inthe selection of the appropriate camera negative film for 2 given mission, j 
*. "~.*. one. reproductton theory can gainfully be employed. Fig: C-2 shows a typical tone 


reproduction cycle in aerial photography. The original object luminance is altered by 
the atmosphere and, as shown on the figure, presents the film with an altered camera 
exposure. This camera exposure becomes, of course, the exposure for the negative 
material. When processed, the density of the camera negative images becomes the log 
exposure for the positive stage. If the first generation positive is the last stage in 
se the reproduction process, then the reproduction can. be characterized by.a plot of 
Cee 1s 4 . Aensity-versus log lamimance of the original-gronnd objects. 


2 “:* * 2° Figs, C-2 and C-3.iflustrate sample tone reproduction cycles for high altitude ne 
-f:..:., , aerial reconnaissance under. conditions of moderate haze.. Fig. C-2 illustrates taking 





“4 ye 2) :--0n 3404 film and duplication op 8430 film, whereas Fig. C-3 illustrates taking on 80-190 
=. ¥},, ,film, an@ duplication on 8480 film. The éxam{nation of each of the figures demonstrates. - 
** Sayer "g-f 1, the imperfection of the final reproduction in both cases. Although the shadow detail 
~eqe cra - nP has Deen somewhat enkanced, {4 is stilt: recorded at a contrast lower than the original 
contrast, while the highlights, in both cases, have been seriously degraded due to the 
limitations in the photographic materials. In particular, SO-190 film produces a se- 
rious loss of highlight information since the excessive gamma yields a density range 
which cannot be accepted by the duplicating film. 
ae Consider now the case of extremely clear weather. The atmospheric contrast 
ia $: Sas degradation is lesa, meking the reproduction even warse than for the moderate haze 
“'> 7... conditjan if conventional aerial fitm processing is employed. Figs. C-4 and C-5 
_os: 2... illustrate the point, again for 90-190 and 3404 film duplicated on 8430 film. As can be 
ee 1, seen from the-reproduction quadrant, the reproductigns.are worse than for the mod- 
(a'- 1... 9@Pate haze condition, particularly in the highlight and middle tene region of the ground ; 
“..,°° ©, »duminance range: This regult ean. be directly attributed to the fact that the increased : 
>. 4 «5° Object contrast due tothe reduced haze: reaching the film plane,:produces:a density a 
af tes -s-g~Tange-too great §o be supliceted on the 8430 fihn “This 1s particulary tree with 90-190 . 





or al eds 4 fib, whieh: v tail.~ Through the appropriate selection of 
film processing tonditions, however, the reprottuction eam be considerably improved. 
Consider again the clear weather case, this time.as illustrated in Fig. C-6...The 3404 
camera film has now been processed such that the resultant gamma is 1.2 instead of 
the normal 2.2. This reduction of the process. gamma significantly reduces the den- 

> 2, » + Silty range that the duplicating material must record... The resulting reproduction is 
Petes get y improved, 2% Minetrated on the Heure: “inthis case, the highlights are | 
_© ig mearly perfectly reproduced, while the.mid-tones and the shadows maintain a slight 
' «reproduction error. = | 
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Exposure time = 1/250 sec 


$. Negative 

Film type = 4404 

Processing = 6 min, D-19 at 63°F 
... Gamma = 1.95 





4. Positive 
., . Film type = 8430 
-- .-> Processing = 6 min, D-19 at 68°F 
‘Gamma = 1.5 
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Co et il ls 3. dig. 3 Dypieal tone reprodeection cycle in high altitude aerial photography 





2 cfs +. + Dranmmiasiqn = 60% 


2. Camera 
Piare =« none 
t/po. = 4.5 
Transmission = 90% 
Exposure time = 1/700 sec 


3. Negative 
Film type = 50-190 


Processing = 6 min, D-19 at 68°F ‘ 


Gamma = 2.5 


4. Positive - 
Film type = 8430 

.... ‘Processing = 6 min, D-10 at 68 °F 
“Gamma = 1.5 


Log Camera Exposure 
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niet a neta te Pig. £3 -o Pppienl tone Teprodection opete tn tigh aitttede aerial photography 
«(extremely clear-weather), showing perfect and actual reproduction of original 


1. Atmosphere 


--_ Istininance = $00 t-lamberts 


3. Camera 
Flare = none 
f/no. = 4.5 
Transmission = 90% 
Exposure time = 1/225 sec 


3. Negative 
Film type = 4404 
Processing = 6 min, D-19 at 68°F 
Gamma = 1.95 

4. Positive 
Film type = 8430 


- + Processing = 6 min, D-19 at 68° 
Gamma = 1.5 
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Deodeauing « 6 min, D-19 at 68°F 
Gamma = 2.5 


" “Film type = 8430 
riesusee = 15 min, D-19 at 68°F 





Fig. C-5 — Typical tone reproduction cyc cle in high altitude aerial photography 
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Exporure ‘mn « 1/225 sec 


3. Negative 
Film :ype = 4404 
Processing = 3 min, Cramer HD at 68 °F 
Gamma = 1.2 
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4. Positive 
Film ty,e = 8430 
' .. Processiag.~ 6 min, D-19 at 68°F 
; Gamma = 1.5 
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Fig. C-7 — Typical reproduction cycle for high altitude aerial photography 
showing actual reproduction for sample case; and desired characteristics of 
positive duping film for perfect reproduction 
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_ The advantage of this approach to the selection of appropriate film and processing 
is that one can also determine the appropriate film characteristics for a perfect re- 
production. Fig. C-7 demonstrates such a determination for the Clear weather case. 
In the positive quadrant, the actual 8430 film curve is shown along with the desired 
characteristic curve for perfect tone reproduction of the original scene, Although the 
desired curve appears anomalous for photographic emulsions, in practice such a curve 
isnot impossible. With special Processing,SO-105 duplicating film will produce a char- 


acteristic curve quite similar to the desired curve of Fig. C-7. 


For a variety of haze conditions, then, one could determine the desired duplicating 
film characteristic curve for perfect tone reproduction. Fig. C-8 shows such a family 
of curves for light, moderate, and heavy haze conditions. 


The above discussion illustrates two points. First, that simple contrast enhance- 
ment through increased gamma does not, of itself, correct for the distortions intro- 
duced in the aerial photorecording process by atmospheric haze. Second, that for max- 
imum information transfer and optimum tone reproduction, the selection of a camera 
negative film cannot be made independently of the duplication process. 


1.2 Tone Reproduction and Microimage Quality 


The prior discussion was somewhat idealized, and is only intended to lay the 
groundwork for a more realistic analysis of the problem. Simple tone reproduction 


reproduction practices (i.e., high gamma negative processing with low gamma duplica- 
tion) may degrade the image quality over other reproduction techniques. 


Experiment Background 


Maximization of the performance of photo -optical reconnaissance Systems requires 
optimization of photographic processing and reproduction techniques. There is evi- 
dence indicating that the present high-gamma processing of the negative is not the best 
way to reproduce the aerial] image. Simonds et al* report that in a negative-positive 





* Simonds, J. L., Kelch, J. R., and Higgens, G. C., Analysis of Fine-Detail Repro- 
duction in Photographic Systems. Paper presented at Spring Meeting of Optical Society 
of America at Jacksonville, Florida (25-27 March 1963). 
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TOP-SECRET ( 


photographic system, microimage quality is influenced by the order in which the pro- 
cessing gammas occur. They find that when the printing modulation transfer function 
has a cut-off near 20 cycles per millimeter, low gamma processing followed by high 
gamma processing gives better quality than the reverse order. This difference is 
apparent upon visual inspection of the final prints. The authors find that, with better 
printing conditions, the order of the gammas makes no difference. Although the print- 
ing methods used in the Processing of satellite reconnaissance film are far better than 
those mentioned above, it is possible that this effect still occurs if the quality of the 
negative is commensurately better. If thisis the case, optimization of the reproduction 
cycle would provide improvement in the microimage quality of satellite reconnaissance 
photography. Itek has been investigating this phenomenon, and this work is discussed 
below. 


Experiment Performed 


A master positive was assembled which included an aerial scene, a sine wave 
target, and a sensitometric step wedge. Negatives were made from this at both high 
and low gamma, and under two different printing conditions. The intent was to repre- 
sent an aerial system with the master positive representing the original scene, and 
the negative printing conditions simulating the actual taking conditions. To emphasize 
this, the negative printing conditions will hereafter be referred to as the “taking” con- 
ditions. The high gamma reproductions were made by developing Tri-X Aerecon film 
in D-19, while the low gamma ones were made by using the same film with D-76 de- 
veloper. The development was carefully controlled so that the low gamma was near 
0.70 and the high near 1.40. The good taking condition was normal contact printing, 
and the poor was through a spacer of Cronar matte surface drafting film. Two repli- 
cate negatives were made for each of the four experimental conditions given above. 


From each of these eight negatives, two positives were made. The four low gamma 
negatives were reproduced at high gamma (near 1.40), and the four high gamma nega- 
tives were reproduced at low gamma (near 0.70). Each pair of negative replicates 
was used to make four positives under the two printing conditions mentioned above 
(see Table C-1), 


It should be noted that in both cases, the gamma product is approximately 1.4 
times 0.7 (a value close to 1). This means that the system tone reproduction is, in 
all cases, nearly perfect. Also, the product of the component MTF’s gives the same 
system MTF for all cases. If the order of gammas and the order of printing condi- 
tions MTF’s makes no difference, then the final images should all be similar. 


The measurement of the modulation transfer functions was made from micro- 
densitometer traces of the images of the sine wave targets. The procedure was to 
measure the maximum and minimum microdensity along the trace, convert these spec- 
ular densities into diffuse densities (as measured on the TD-100 densitometer) by 
using an empirically determined conversion formula, and then use the appropriate 
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Table C-1 — Listing of the Final Images Which Were Analyzed . 


Negative Stage Positive Stage 
No. Taking Conditions Gamma Printing Conditions Gamma 
1 Good High Bad Low 
2 Bad Low Good High 








Tor Stoney) ¢ 


D-log E curve to find the maximum and minimum log exposure. The difference be- 
tween these last two numbers is called the exposure range, R. Modulation is given — 
by the following relation. 


modulation = (10R - 1)/(19R + 1) (5) 


The ratio between this output modulation and the input modulation of the sine wave 
target is the value of the MTF for the particular sine wave traced, 


The photographic noise present in the microdensitometer traces made it difficult 
to estimate the maximum and minimum values of the microdensity. As an indication 
of the difficulties the noise causes, the modulation that could be mistakenly ascribed 
to a noise variation of +0.01 density units was calculated. If the gamma of the char- 
acteristic curve is unity, then the exposure range due to the noise is as much as 0.02. 
The modulation is calculated as follows: 


; 10° - 1.9 
modulation = 10°57 
_ 1.047 - 1.00 


~ 1,047 + 1.00 
= 0.045 


With noise of 40.01 density units, one cannot expect to measure any modulation 
smaller than 4 '4 percent. 


densitometer traces of many sine wave cycles in order to average out the noise. 


Superimpose up to 10 sine wave cycles, and plot the computer average sine wave cycle. 
This averaging facilitated the selection of a maximum and minimum density. 


Even by using this superimposition technique, it was not possible to distinguish 
one MTF from another. This technique is presently in a state of refinement. In order 
_ to complete the analysis from a practical standpoint, the images of the simulated aerial 
scene were compared. As predicted by Simonds et al, and shown by the theoretical 
analysis in this work, there was one image that was Significantly poorer than the re- . 
maining three, Processing at high gamma in the negative portion of a two-stage pro- 
cess produces inferior quality images if the printing MTF is poor relative to the 
quality of the original negative. 


The following is a technical discussion of the phenomenon. 
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Theoretical Discussion 

A simple mathematical model for the photographic process presumes that the 
incident image is first blurred by scattering of light in the taking system and in the 
emulsion, and that this effective exposure distribution is then transformed into a 
photographic density distribution according to some D-log E relation. The scattering 
of incoherent light waves is a linear transformation of the incident distribution of 
electromagnetic intensity, and hence the methods of Fourier analysis are applicable. 
The photographic transformation represented by the D-log E relation is not linear. 
This fact makes it difficult to formulate general conclusions about this transformation. 
It is most convenient to use quantities proportional to electromagnetic intensity as 
inputs and outputs in this analysis. For this reason, the D-log E relation is expressed 
as an equivalent transmittance-exposure relation. The simple photographic response 


D=y (log E - log E,) (6) 

is equivalently stated as 
| T = (E/E,)"* = kE~? (7) 
Fig. C-9 illustrates a model for a negative-positive photographic system which 


is merely a cascading of two of the above models. 


As an example of the use of this model, the procedure for calculating the output 
pattern resulting from a one-dimensional input exposure pattern is as follows: 


1. Take Fourier transform of input exposure pattern 


2. Multiply this spectrum by the first MTF to get effect of light scattering in 
taking system and negative emulsion 


3. Reconstitute the effective exposure by taking the inverse Fourier transform 
of above 


4. Calculate transmittance pattern due to the effective exposure pattern by using 
the first T-E relation 


5. Take the Fourier transform of this pattern 


6. Multiply by second MTF to get result of light scattering in printing system 
and positive emulsion 


7. Take the inverse Fourier transform to reconstitute the effective exposure 
pattern for the positive 


8. Calculate the transmittance pattern due to above by using the second T-E 
relation. This is the output pattern. 
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:, Needless to say, electronic data processing facilities are required for such an 
analysis. : 


This model is not suitable for simulating adjacency effects. If these are promi- 
nent, the more complex model used by Kelley* is applicable. Extreme agitation during 
development minimized these effects in this experiment. 


If a sinusoidal input pattern is acted upon by a transformation which is both linear 
and spatially uniform (in the photographic context, this means that emulsion is uniform 
and that the printing system does not affect one area of the image differently than 
another), then the output pattern must be sinusoidal and of the same spatial frequency 
as the input. The MTF for such a transformation is the ratio of output modulation to 
input modulation as a function of spatial frequency. For sucha transformation, the 
sine wave response, as expressed by the MTF, determines the response to any other 


input. 


The MTF concept does not strictly apply to two-stage photographic systems 
because of the nonlinear step intervening between the two linear steps. A sine wave 
input does not produce a sine wave output, though in practice, the difference is often 
So small as to defy detection. More important, the “sine wave response” for such 
a system does not determine what happens to other types of inputs. The transforma- 
tion is said to be image dependent, because each image is a case unto itself. This is 
the reason for the theoretical poverty in this area of photography. 


This model predicts that the microimage quality of the experimental system 
Should depend upon the order of gammas, especially when the positive printing condi- 
tions are poor. This effect will be explained for the case of sinusoidal input patterns; 
analogous effects should hold for most other input patterns.+ 


Consider the transformation of a sine wave input pattern according to the non- 
linear transmittance exposure characteristics of a typical film: 


transmittance 





distance distance 


* Kelley, D. K., Systems Analysis of the Photographic Process. I. A Three -Stage 
Model, J. Opt. Soc. Am. 50(3):269 (1960). 
t Simonds, loc. cit., carries out calculations for a square pulse input. 
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The purely sinusoidal] input is distorted into a more complex type of periodic 
output. It is more enlightening to consider the same transformation in the spatial 
frequency domain. By using the Fourier theorems for periodic functions, it is possible 
to examine the harmonic content of both input and output. 


amplitude amplitude 


wave number wave number 


The effect of the nonlinear T-E transformation is to introduce new Spatial 
frequencies called harmonics into the output. These always occur at spatial fre- 
quencies (more properly called wave numbers) which are at all possible sums and 
differences of the input frequencies. Since the input exposure pattern varies sinu- 
soidally about an average exposure, the input has components at wave numbers of 
zero and K,, the fundamental] Spatial frequency. The output has Fourier components 
at wave numbers zero, Ky, 2ky, 3k,,... 


A program was written to calculate the harmonic content of the periodic trans- 
mittance patterns which result from sinusoidal inputs. It was found that the harmonic 
content of the output increases as the input amplitude increases, and as the process 
gamma increases. This isquite reasonable, since high gamma amplitude inputs tend 
to fall more heavily upon the curved portions of the T-E graph. The harmonic content 
also depends upon the value of the average exposure. If this falls upon a relatively 
linear region of the T-E curve, the output will have little harmonic content; if it 
falls upon a more curved portion, the output will have more harmonic content. 


When one nonlinear T-E transformation is followed immediately by another, 
and the gamma product for these two transformations is unity, then the cascaded 
transformation is linear. A gamma product of unity implies perfect tone reproduc - 
tion. The output transmittance distribution is proportional to the input exposure 
distribution. Such a Simple linear transformation Should not distort a sine wave 
exposure pattern. It must be that the second nonlinear transformation eliminates all 
of the harmonics generated by the first. Ifa Spatial frequency filter, like a typical 
printing MTF, intervenes between these two steps, then the second transformation 
cannot completely compensate for the distortion of the first. 


When good taking conditions are followed by bad printing conditions, the order of 
the gammas is significant. If the order is low-high, then the harmonics generated in 
the negative stage are filtered Somewhat by the bad printing conditions, and the positive 
T-E transformation is unable to reconstitute the image exactly. If the order of gammas 


HPS i 
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is high-low, then degradation is much worse; the initial high gamma produces a larger 
Spread of harmonics which are more strongly filtered by the bad positive printing 
MTF. The final nonlinear transformation fails to receive many of the harmonics — 
which it requires to reconstitute the image. This indicates why low gamma negative 
processing followed by high gamma duplication should give better microimage quality 





i 





Good taking Poor taking 
poor printing good printing 


_ Low/high gamma 
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Appendix D 


SYZYGETIC DENSITY ANALYSIS 


When attempting to make a measurement of contrast that hopefully relates to 
photointerpreter performance, it is first necessary to evaluate what it is that the 
photointerpreter sees. When the photointerpreter looks at an aerial photograph, he 
almost invariably uses some sort of magnification: a microscope, stereoscope, 
viewer, etc. The use of such auxiliary devices enables the photointerpreter to 
examine the information of interest, i.e., small detail. The main goal of the photo- 
interpreter is then to examine, measure, identify, etc., microdetail. What is impor- 
tant to the photointerpreter is, then, the contrast of small adjacent detail. If he has 
optimum contrast in the microdetail areas, the contrast of large areas should be 
more than adequate. However, the converse is not necessarily true. Thus a measure 
of microcontrast logically appears to be the most meaningful technique from the 
photointerpreter’s aspect. It is hoped that the syzygetic contrast technique will 
perform this function. 


1. SYZYGETIC SCENE CONTRAST 


Syzygetic* density differences are the differences between two adjacent or 
contiguous areas on the film (see Fig. D-1). This is not a new concept, and was 
originally proposed in 1951 by Jones and Higgins+ asa technique for measuring 
film granularity in a manner that related to the visual sensation of graininess. 

The applicability of this technique to the photointerpreter case was noted, and it 
was decided to evaluate its connection with photointerpreter performance. Although 
this work is not complete, a computer program has been written by Itek that takes 
the microdensitometric input to produce a trace of SDD versus frequency of 





*The word “syzygy” (Latin “syzygia”) is defined in Webster’s New International 
Dictionary (second edition) as “a joining together, conjunction,” and so is appropriate 
in referring to two elements that are intimately joined or immediately adjacent to 
each other. From this noun, the adjective “syzygetic” is derived, and-the symbol SDD 
or SAD has been adopted to refer to this type of density difference. 

} Jones, L. A. and Higgins, G.C., “Photographic Granularity and Graininess VII. 
A Microphotometer for the Measurement of Granularity,” J. Opt. Soc. Am., 41:192 


- (1951). 
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Fig. D-1 — Example of syzygetic density difference 
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occurrence, and preliminary studies were carried out to determine if SDD traces 
related generally to scene contrast. 


2. SDD COMPUTER PROGRAM 


The SDD computer program uses the paper tape obtained from the microdensitom- 
eter trace of the film images. The densities should be taken at intervals equal to the 
Scanning aperture diameter. For example, if the scanning aperture is 50 microns, 
then the sampling rate is one density point every 50 microns. These recorded densities 
are then the differences between the densities of the adjacent scene details for the 
scanning aperture used. The computer counts the number of each density difference 
that occurs and stores this information. The final output is the frequency of occur- 
rence of the adjacent density differences. 


The program also has the capability of determining the syzygetic exposure 
difference (SED) from the same paper tape, provided there is an accompanying 
density versus exposure table that has been fed in prior to the microdensitometer 
tape. The computer, in this case, determines the exposure difference from each of 
the density differences and counts them. The output from this part of the program is 
Similar to the above, i.e., a plot of frequency of occurrence of exposure differences. 


The SED has a use different from the SDD. Whereas SDD plots are to be used 
for photointerpreter correlative work, SED determinations can be used for film- 
filter studies. To study if certain filters give more information for certain types 
of detail, SDD information is practically meaningless. This is true because pro- 
cessing conditions greatly affect the resultant image. If, however, films taken with 
different filters are evaluated on the basis of exposure, then the results are 
“independent” of processing and directly relatable. 


3. SAMPLE SDD ANALYSIS 


To demonstrate the SDD program, three positive images, differing from each 
other only in contrast, were made. Figs. D-2, D-3, and D-4 show the three scenes 
used. A microdensitometer trace was made between two easily identifiable objects 
in each positive print. Since the traces were of the same objects at different con- 
trasts, the final SDD output can be analyzed for contrast effects. A total of 1,400 
data points were taken with a 50-micron diameter aperture in each print. The 
densities were digitized using the Itek microdensitometer digital output control unit. 
The paper tape was used with the computer program to calculate the SDD. 


Fig. D-5 shows the final SDD traces from the three scenes. It can be seen that 
there is a high frequency of occurrence of small density differences in the low contrast 
scene. In fact, the largest density difference is 0.34, which is approximately the density 
range of the scene. The medium contrast scene has more density differences that are 
larger than those of the low contrast scene. However, the frequency of occurrence of 
smaller density differences is less. This trend continues with the high contrast scene. 


TOP SECRET C Ds 


otek 


oe 


eb cw etme HS aN 
ict es ae shy Me a “a 

RR gt hak TIM ac ae 
fee eT. “a 


Wane Sigh Tat 


ca 





Tok ARR a S19 
Play a 2 a Rea ro 


Nae ae Nee 


Fig. D-2 — High contrast scene used in syzygetic density difference 
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Fig. D-3 — Medium contrast scene used in syzygetic density difference 
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Fig. D-4 — Low contrast scene used in syzygetic density difference 
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There are even less density differences in the 0.02 to 0.10 range than in either the low 
or medium contrast scenes. But, since the high contrast scene had a high density 
range, there are many density differences over 1.0. All this was known before, but 
this program will enable the operator to add quantitative estimates to hig prior quali- 
tative knowledge. , 


The implication of this example is that scenes that are not different in terrain 
can be characterized according to contrast by their SDD plot. Research into this 
area is still necessary to determine if not only contrasts of scenes, but types of 
Scenes can be characterized by their SDD plot. Also still to be determined is 
whether there is an optimum curve shape for maximum photointerpreter information 
retrieval, i.e., whether there is an optimum syzygetic density characteristic attendant 
to the “best” print for photointerpreter uses. 


4. RADIANCE 


If the radiance of two ground objects can be known, it is then possible to quantita- 
tively determine the amount of atmospheric haze. From densitometric analysis of the 
two known objects, their apparent radiance can be determined. The apparent radiance, 
Ro, of an object as seen by a lens can be expressed by the relationship 


Ro = RTq + Ra 


where R = original object radiance 
Tg = atmospheric transmission along the image path 
Ra = radiance of the atmospher along the path 


Simultaneous solution of this equation for two objects of varying radiance can lead to 
determination of Tg and Rg. These two quantities are directly responsible for con- 
trast attenuation. 7 


Itek has successfully employed this technique in two recent contac A 
with RADC to de ine the spectral radiance of ground objects from spectrally filtere 
photography, and with AFCRL on satellite meterorology. In the latter 
study, a calibrated camera was flown in an aircraft at altitudes varying from 1,000 to 
65,000 feet. With the above approach, the atmospheric transmission and hazelight 
were determined as a function of altitude, as shown in Figs. D-6 and D-7. Fig. D-8 
shows the two areas (A and B) used as the targets. 






By the same technique, the reflectance characteristics of ground scenes can be 
determined. Again, the measurements can be either relative or absolute depending 
upon whether or not suitable known reflectance objects can be measured. The terrain 
reflectance characteristics change with vegetation which in temporate regions is 
seasonal. These changes are manifest both in the overall luminous reflectance and 
in the spectral reflectance. Thus, both exposure and spectral response are affected. 
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Known or potential targets may therefor be photographed against a changing back- 
ground. To optimize performance in the recording of such targets, a knowledge of 
the background reflectance characteristics is as important as a knowledge of the 
atmospheric conditions. 


In summary, we propose to investigate selected areas of past Corona index 
photography, initially on a limited scale, to determine if it is possible and feasible 
to catalogue and predict gross weather and terrain features. The analysis will be 
made from existing data on the original negative index records. Only a limited 
number of geographic areas will be selected for analysis. The flight logs will be 
screened to select those areas where enough repetitive coverage exists to perform 
a good statistical analysis. | 


Should the initial effort prove rewarding, we would then propose to extend the 
effort towards automatic scanning and computer analysis of the index photography. 
This would provide a means of statistically predicting optimum photographic param- 
eters for any given mission. 


Hopefully, the fallout from the preceding proposed evaluations will allow predic- 
tion of optimum filtration to be used for a given mission or target. With the ability 
in the J-3 system to change filters in flight, this extension is only logical. This 
filtration might be either of a spectral nature or of a polarizing nature, or both. It 
is quite conceivable, for example, that a specific target might only be covered at a 
low sun angle at a specific aximuth. This circumstance might dictate use of a 
polarizing filter for optimum imagery. In another case, haze of terrain character- 
istics might indicate a change in spectral filtration from a Wratten no. 21 filter to 
a Wratten no. 25 for best coverage. The possibilities are unlimited, but the advantages 
are unmistakable. 
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*L. Elterman, A Model of a Clear Standard Atmosphere for Attenuation 
of the Visible Region and Infrared Windows, AFCRL-63-675 (July 1963), 
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Fig. D-6 — Atmospheric transmittance 
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Fig. D-8 — Brightest (A) and darkest (B) target areas 
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Appendix E 


EKIT PROGRAM EVALUATIONS 


With the added flexibility of exposure and filter control in the J-3 system, new 
photographic techniques can be used in pursuit of more useful information. Though the 
exact plans concerning the use of this added capability were not formulated in the initia] 
J-3 design, it was realized that these two remotely controlled features would be the 
basis for almost all new photographic techniques. Twelve basic questions concerning 
the usefulness of these techniques on the J-3 system were posed. In order to answer 
these questions, a high altitude aircraft test series was planned. The reasons for air- 
craft instead of satellite tests were that manned aircraft (1) could be more easily con- 
trolled (e.g., repeated passes over the same target area), (2) were less expensive and 
could be run presently instead of waiting until the J-3 satellite system was in operation, 
and (3) were amenable to specialized tests (e.g., split slits, dual filters, etc.), whereas 
the currently orbiting satellite Systems could not be used this way without degrading 
the operational objectives. 


The manned aircraft test series was designed to test all 12 of these questions with 
a camera system very similar to the J-3. The objectives of this test series were to 
limit those tests in the satellite System to the ones that have the most chance of suc- 
cess. The philosophy was that if a technique proved to be unsuccessful or showed no 
improvement in the aircraft, then it would not be recommended for a satellite test. 
This does not mean, however, that if successful in the aircraft test it would work with 
Similar success in the satellite system. It means only.that these few techniques have 
a better chance of success than the others. A summary of the questions which were to 
be answered under the EKIT test series is given in Table E-1, followed by a discussion 
of each of the problems and the conclusions that have been reached at this writing. 


1. EKIT FLIGHT TEST NO. 1 (EKIT REPORT NO. 4)— 
TYPE SO-121 AT LOW SOLAR ALTITUDES 


By the nature of polar orbiting satellite photography, some pictures must be taken 
during the early hours of the day. There is, therefore, a very low level of illumination 
in the northern latitudes. Eastman Kodak type SO-121 is a high speed, high resolution 
Ektachrome type of color film. Exposure value curves are available down to solar 
altitudes of approximately 30 degrees. The performance of this material at lower 
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Table E-1 — Summary of EKIT Test Questions 


Test Name 


SO-121 at low solar altitudes 


Bicolor 
SO-362 versus 3404 
Night detection 


Haze filters 


Index 
3404 exposure 
Comparative color 


Polarizer 
Missile launch 


Evaluation of SO-180 


Metric color 


Low gamma 


Specific Question to be Answered 


Can type SO-121 color film be used at solar 
altitudes below 30 degrees? 


Can pan scanning type photography be used to 
obtain bicolor imagery? 


Is there any real advantage in using type 
SO-362 over type 3404 in the Corona system ? 


Can activity be detected at a missile launch 
complex at night? 


What are the tradeoffs involved in using 
various wavelength haze-cutting filters with 
respect to spectral information and contrast? 


Is there another materia] that may be more 
useful in the index camera than type 3404? 


What is a good criterion for exposure using 
type 3404? | 


Which of several color reversal films is 
most suitable for high altitude reconnaissance ? 


Is there a significant gain in either contrast 
or aircraft specular reflection causing bloom- 
ing with the addition of a polarizer? 


Can type SO-180 (camouflage detection film) 
be used to detect a missile launch after the 
fact? 


What in general are the advantages of using 
type SO-180? 


What are the advantages or disadvantages of 
using color materials in the J-3 system 
from a metric standpoint? 


Is processing the original negative to a 
lower gamma advantageous? 


At the conclusion of this test series, the most promising photographic techniques 
will be recommended for satellite testing. 


re | 





solar altitudes was the Subject of the first EKIT flight test. The flight test consisted 
basically of repeated flights over one location (Bakersfield, California with mobile 
CORN targets) from early in the morning when the solar altitude was 5 degrees to | 
midmorning when the solar altitude was 37 degrees. Each camera was loaded with type 
SO-121, though the exposures were different by a factor of 2 in order to have adequate 
exposures over a wide range of solar altitudes. The flight test analysis has been com- 
pleted and has been issued as EKIT report no, 4. The conclusions described below 
were drawn from the experiment. | 


1. SO-121 can be generally employed at solar altitudes as low as 10 degrees. 
For certain conditions SO-121 can be usefully employed at lower solar altitudes. Cer- 
tain types of information are recorded at solar altitudes as low as 5 degrees. The one 
case of a picture taken with no direct illumination and a slow scan velocity illustrated 
what could be done if the system could operate under these conditions. 

2. In the J-3 system, a full load of SO-121 could be properly exposed (by slit 
contro})to solar altitudes as low as approximately 13 degrees. Exposures at 10- 


degrees solar altitude would be quite acceptable, being only about one-fifth of a stop 
underexposed. 


3. The maximum resolution that could be expected with SO-121 in the J-3 camera 


_ (assuming correct exposure and correct lens) is approximately 60 lines per millimeter. 


The system will achieve a higher resolution with a Wratten no. 4 filter than with the 
Wratten no. 2E currently being used. This higher resolution is due to the fact that the 
MTF of the lens is higher with a Wratten no. 4; the apparent ground contrast will be 
somewhat higher, and the focus shift of the lens is smaller with the no. 4 than with the 
no. 2E. For a full color mission, the Petzval lens should be refocused for the com- 
bined color correction and haze attenuating filters. 


4. Color reproduction is poor (restricted) at very low solar altitudes when using 
the nominal color compensating pack. A separate color correction pack should be used 
for these cases. This pack is practical for a full color mission, but impractical with a 
split load of black and white and color films. 


5. Improper exposure affects both resolution and color balance. This, of course, 
is not startling but it is interesting to note that perfect color balance is not a prerequi- 
site to obtaining useful photography for photointerpretation. Further, it should be noted 
that, by selective printing, many of the poor color balance originals could be corrected 
quite well to produce a properly balanced print. 


6. The limitations on the quality of the resultant SO-121 photography due to the 
lens are apparent. The Petzval was not designed to be well corrected for the blue 
region. It would be worthwhile to consider what improvements might be effected by 
using a specially designed color corrected lens with the SO-121. 


7. The contribution of the blue image is relatively small. The contrast attenuation 
of the atmosphere in this region is significant, and causes this effect. Information con- 
tent would seem to be affected little, and color balance enhanced, by the use of a 
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Wratten no. 4 filter instead of a Wratten no. 2E. However, for a partial color mission 
(when only one filter pack could be used), the use of a Wratten no. 2F would be accept- 
able at low solar altitudes. 


2. EKIT FLIGHT TEST NO. 2—BICOLOR PHOTOGRAPHY 


Color photography is ordinarily obtained by using one film that has three emulsions, 
each sensitive to approximately one-third of the spectrum. Color photography can 
also be obtained by using three separate cameras, each with a black and white film and 
a filter that transmits the appropriate third of Spectrum (e.g., red, green, and blue). 
The color image is reconstructed by additively projecting positive duplicates of these 
three negatives through their corresponding red, green, and blue filters. This is by no 
_ Means a new technique since Maxwell did this over a hundred years ago. Since the 
EKIT test camera system and J-3 systems have only two cameras, this type of tricolor 
additive is impossible. However, tests have been performed using only two records to 
additively reconstruct a color image. Successful bicolor photography has been 
obtained: (1) in theoretical computer studies, (2) in laboratory tests, and (3) in air- 
borne frame-type camera systems. The filters used in these works that have, in gen- 
eral, given the best results are the cyan (Wratten no. 44A) and orange (Wratten no. 21) 
filters. The cyan gives a record of the blue-green information and the orange record 
gives the green-red information. Since there are only two Separation records, it is 
theoretically (and verified with practical tests) impossible to obtain full, and true color. 
It is subject to question, however, whether or not full and accurate color reproduction 
is necessary for an increased intelligence gain. There are several advantages to bi- 
color photography over that obtained by the’ standard color materials. 


1. Color is added without the loss in high resolution of the black and white 
emulsion. With perfect registration (which may or may not be possible) resolution will 
be increased due to the 40 percent increase in signal-to-noise ratio. 


2. The standard 3404 emulsion used with the Wratten no. 21 filter is still available 
since this is one of the records. 


3. The cyan portion of the spectrum is not as much subject to atmospheric haze 
effects than the blue-sensitive record of the color materials. 


4. The contrast differences in the two records (due to the atmosphere and 
inherent contrast variation as a function of wavelength) can be independently controlled 
Since they are physically separate films. These contrast corrections must be adjusted 
in the camera filtration with Standard color materials and therefore lessen the degree 
of control available. 


Though successful bicolor photography has been obtained with airborne frame-type 


cameras, to date none has been attempted with pan-scanning type cameras. The basic 
problem, then, in carrying on the bicolor test is obtaining properly rectified images 
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for the additive superimposition. There are other problems such as: (1) proper 
exposure, (2) image size change due to wavelength change, (3) focus, etc. ACIC has 


offered to rectify the images for this test. The images will then be additively printed 
on the Itek Additive Color Viewer/Printer (ACVP) to make the bicolor reconstruction. 


This flight test has not been completed; therefore, there are no conclusions at 
this time. 


3. EKIT FLIGHT TEST No. 3~-SO-362 VERSUS 3404 


A question has been raised Concerning the possibility that, if a faster film were to be 
used in the existing and future Satellite systems, a real gain in the overall image 
quality would result. With the faster films, shorter exposure times that would reduce 
the image blur could be used. However, faster films are generally of a lower resolu- 
tion and higher granularity, Therefore, there would be some degrading effects from 
the film. However, the question still remains that, if the faster film were to be used, 
would the increased image quality from shorter exposure times be offset by the lower 
quality film from the tota] system standpoint? The particular film in question was 
type SO-362, often referred to as Double-X 3404 since it has about twice the emulsion 
speed. The test was broken into three separate tasks: 


Task 1: General Sensitometric and image quality characteristics 
Task 2: Static pictoria} comparison for subjective image quality analysis 
Task 3: Aircraft flights for a dynamic system test 


Task 1 involved a sensitometric and image quality evaluation of type SO-362 in 
order to determine the material’s basic characteristics. Standard sensitometric tests 


spectral sensitivity, resolving power, and granularity measurements were made on 
the two materials. 


to test at varying exposure levels, split slits were used, giving a total of four different 
effective exposure times on each film. This test has been completed and has been 
issued as EKIT report no. 5. The conclusions from this test are summarized below. 
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1. SO-362 is approximately 2.8 times faster than 3404. This varied from 2.3 to 
3.4 times faster depending on the developer formulation. . 


2. SO-362 produces a higher fog level, at a greater rate, than does 3404, This 
effect is noticeably worse with high-energy developers such as Eastman Kodak MX-577. 


3. In general, SO-362 produces a slightly lower gamma than 3404; however, the 
differences between the two films are minor. 


4. SO-362 produces lower resolution than does 3404. In al] evaluation tasks, 
SO-362 produced a lower resolving power. This was true even in the 112B flight test. 
In this case, the SO-362 produced a lower resolution even though the exposure time 
used was one-half that employed with the 3404. For example, flight test samples of 
3404 exposed at 1/325 second had better image quality than the Samples of SO-362 
exposed at 1/800 second. 


9. SO-362 possesses both a higher granularity and graininess than 3404. The 
rms granularity evaluations indicated that SO-362 was approximately 1.7x grainier 
than 3404. This was verified in the subjective Photointerpreter evaluations where the 
increased graininess of SO-362 was apparent to the photointerpreters who commented 
on this. This causes both a loss of low contrast, fine detail, and a degradation of edge 
sharpness vis-a-vis 3404. 


6. SO-362 did not hold up aS well as 3404 to overexposure. The image quality of 
the resultant Photography with SO-362 was noticeably poorer with overexposure. This 
was verified with both the objective and subjective analyses. The photointerpreters 
commented, on both the model test and the 112B test, that the SO-362 image quality 
was noticeably worse with overexposure. The MTF analysis verifies this subjective 
conclusion as does the resolving power data. 


7. The fact that SO-362 has been discontinued by the manufacturer automatically 
precludes its use in the J-3 System. Even if it had not been discontinued, however, its 
characteristics would not have warranted its use in the J-3 system. 


8. It should be noted that SO-362 was a difficult film for the manufacturer to 
make. The characteristics of the film changed from batch to batch. The SO-362 
used for Task 1 had a higher Dmax than the SO-362 used for either the model test 


9. SO-362 has been recently replaced with SO-230. The replacement material is 
intended to possess the characteristics originally intended for SO-362. It is recom- 
mended that SO-230 also be evaluated for its potential, and to determine if it is 
worthwhile to consider it for use in J-3., 


4. EKIT FLIGHT TESTS 4 AND 5—-NIGHT DETECTION 


There have been severa] Situations in recent satellite reconnaissance history in 
which seemingly unexplained events have taken place. One of the more confusing ones 
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occurred on a recent mission in which the same target location in Russia was photo- 
graphed once a day for almost two weeks. During that time several missiles were 
known to have been launched and there was no evidence on the satellite Photography as 
to which pad they came from. A Suggested answer to this problem has been that they 
are doing their work at night and therefore avoided detection. The question then arose 
as to what could be seen in a missile launch facility at night from the J-3 System. 
Since workers must have light to work by, parts of the complex should be illuminated, 
and if there are illuminated areas, they might be open to aerial surveillance. The 
purpose of this EKIT test was to determine if some activity could be detected around 
a missile launch complex at night. Several flights have been made that covered the 
Los Angeles, Vandenburg AFB, and San Francisco areas during the night. Repeated 
night coverage was necessary in order to get good photography over Vandenburg AFB 
which was clouded during most of the photography. The film used was type SO-340 
which is an improved Tri-x type of emulsion on a thin base. The effective exposure 
time on the camera was 1/50 second for two night flights and 1/120 second on the 
third. The J-3 system will be able to use approximately 1/60-second exposure time 
with the same f£/3.5 aperture. 


This test was successfully completed by the photographic coverage of Vandenburg 
AFB on 13 January 1967; the night before the Corona missile launch for mission 1038. 
Night activity was clearly detected at this launch complex. In addition to detecting 
nighttime activity at the prime target area, activity was also detected ina Minuteman 
complex in the northern end of the base. The photointerpreters examining the material 


points of light on the imagery fixed the location to one of two sites, with, according to 
the photointerpreters, a 90-percent probability of identifying the right one on the day 
coverage. It was found out later that they were correct and had properly identified the 


capable of locating and identifying such types of targets. The fundamental question, 
though, was what would this detection capability be at orbital altitudes with a 7 x 
decrease in scale, | 


A theoretical study was undertaken to use the data from these flights and extrap- 
olate to obtain an estimate of the orbital detection capabilities. In general, the con- 
clusion from this analysis was that large areas such as the concrete around the pad 
would be above the minimum detection level if illuminated as well as the Corona and 
Minuteman complex. Smaller areas could also be detected if sufficiently iNuminated, 
though objects below the resolution (such as cars) could only be detected if they were 
very well illuminated. Since cars were below the resolution limit, they would be 
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detected only as points of light. With precise correlation with day photography, these 
points of light represent the cars in the parking lots and should be countable. 


In addition to satisfying the prime objective, other interesting observations were 
made. Sporting events were, on the 112B system, clearly visible due to the high 
illumination level on the playing field. Urban areas were very clearly outlined by the 
streetlights and store window illumination on the sidewalks and roads. Major roads 
(freeways) were not illuminated wel] enough to be seen on this Photography. 


Two viewing techniques were used in order to make valid correlations between the 
day and night coverage. By viewing the day positives in stereo with the night positives, 
the effect was to see the full day image with the light patterns superimposed on their 
respective locations. Since the majority of the night photography is black, it is almost 
like viewing the day photography with one eye closed. The second method was super - 
imposition of the night negatives directly on the day positives. Since the negatives are 
essentially only at a base and fog density level it does not significantly interfere with 
locating targets on the day coverage which have been detected on the night imagery. 
Once the target has been located, the stereo approach is quite useful. The conclusions 
from this test are summarized below. 


1. High speed black and white coverage at night has a potential for broadening the 
scope of photointerpretation of strategically important targets. 


2. Comparable day coverage (preferably in the same portion of the format) is 
desirable for locating and identifying specific targets. Even if the precise location is 
known by calculated methods, the day coverage is still necessary in order to interpret 
the minute details of the image. 


3. Viewing techniques such as stereo with the day and night imagery are very 
useful for locating specific areas and understanding sources of illumination. Viewing 
the day positive with the negative night coverage superimposed on top is also a useful 
technique. These techniques must be used with the materials on the viewing table 
since multiple printing of negatives from day and night coverage is not very effective. 
The technique utilizing slight movements in one of the negatives on the light table is 
also useful for identification of sources of illumination. This cannot be done when a 
multiple print is made. 


4. The panoramic distortions in the photography made comparisons of day and 
night photography difficult if the images were not in the same format position. This 
became less of a problem as Smaller and smaller areas were studied. The main 
problem came from locating images in one area, while targets 5 or 10 inches away 
could be displaced by 1/2 inch due to the differences in distortions across the format. 


5. With the lack of hazelight and nature of the targets (intense lighting to black 
areas), the dynamic range of the SO-340 was not sufficient to record all of the infor- 
mation that was available. In addition, the entire density range of the negative material 
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was used. This meant that dua] exposure level prints were necessary in order to use 
the information on the negative. It is suggested that a film processing study be under- 
taken before J-3 night missions are flown in order to improve the sensitometric char- 
acteristic of the film for this application. Another suggestion is that a low gamma 
developer be formulated, This would alleviate the problem of the large dynamic range 
on the negative and to some extent lengthen the usable log E range of the negative 
material. 


6. The overriding characteristic of an emulsion used at night is its speed. Though 
there must be adequate resolution, without speed there is no image. This means that 
the relatively slow speed types SO-180 and SO-121 have only a very limited value. 


7. The principal target, an illuminated missile launch complex, was detected on 
the night photography. Calculation based on the signal-to-noise ratios involved indicate 
that it will also be detectable on the Satellite photography. The identification detail 
within the complex itself will, however, be quite limited. Night activity such as that at 
Vandenburg will be detectable. Objects as small as cars will be detected if they reflect 
more than 2.4 foot-lamberts. However, cars are smaller than the resolution limit and 
will show as points of light. Their location (i.e., in a parking lot) may indicate that 
they are cars, and if they are illuminated sufficiently, the photointerpreter should be 
able to count them. 


8. Static and fog may be a problem, particularly for long missions at the low 
atmospheric pressures of orbital altitudes. Some modifications on the camera (e.g., 
less tension on the puck arm of the takeup spool) may eliminate some of the static. 
Chamber tests are recommended before a night flight is made with these high speed 
emulsions in order to Properly assess the magnitude of static, corona discharge, 
and fog. 


5. EKIT FLIGHT TEST NO. 6—HAZE CUTTING FILTERS 


This test is designed to study the relative tradeoff between the information loss 
due to more hazelight versus that gained from the added spectral region used. Since 
the hazelight is primarily from the shorter wavelengths, the more of this energy that 
is filtered out, the less contrast attenuation occurs. With a deep red filter, the haze 
effects are minimal. But blue and green objects are effectively black with respect to 
the film as filtered by a red filter. Therefore, the cost of increased haze penetration 
is a loss in spectral discrimination. If no filter was to be used, the opposite would 
be true. The cost of Spectral discrimination is very low contrast due to the unfiltered 
hazelight. Either extreme is probably not the best method for overa]] intelligence 
gathering purposes. The proper balance, though, between these two aspects is presently 
unknown and is the subject of test flight no. 6. The Itek nine-lens camera will be used 
for this flight test which is planned for April-May of this year. The filters chosen are 
Wratten nos. 29, 25, 23A, 21, 16, 15, 12, 8, and 106. 
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6. EKIT FLIGHT TEST NO. 7—INDEX COVERAGE 


The index camera on J-1 presently uses type 3400 film. The processing of this 
material is rigidly held to a gamma of 1.0. It is therefore a direct representation of 
the ground as it was seen from the camera. Since its scale is approximately — 
8,000,000:1, it gives an overall view of the territory Surrounding that imaged by the 
main pan cameras. Since this is not the prime instrument for gathering intelligence, 
its ground resolution is not of prime importance. The question is then raised as to 
why should this particular film be used. Possibly some other film type might be 
useful in gaining information that is not a resolution dependent medium. Perhaps a 
color film, either standard or false color, would be useful. An attempt to investigate 
these possibilities is the subject of this EKIT test. It is scheduled to be flown in the 
spring of this year. 


7. EKIT FLIGHT TEST NO. 8—3404 EXPOSURE CRITERIA 


For years, the exposure for satellite missions has been computed by standard 
tables. The results over this period have been good. There were few, if any, instances ~ 
where underexposure has been a degrading factor. Unfortunately the criteria for these 
exposure calculations has been influenced by the criteria for the amateur market. 
These criteria are based heavily on the shadow information or on some minimum re- 
flectance value. Though this may be a good criteria for pictorial purposes, there is 
question as to whether or not it is Suitable for Strategically important targets. If the 
targets of interest are of a high reflectance, then shadow type of criteria are not 
necessarily the best approach. 


The objective of EKIT flight test no. 8 is to obtain severa] exposure levels of the 
Same scene. The material would then be examined to give an indication of the exposure 
required to achieve a certain level of quality. The flight has been made and the analy- 
Sis has begun. The flight consisted basically of flying a repeated flight line (over 


have been made of Strategic targets from operational material. These data will be 
very useful in determining the relative placement on the sensitometric curve of the 
areas of interest. 


The analysis has begun and no conclusions have been reached at this date. 


8. EKIT FLIGHT TEST No. 9—COMPARATIVE COLOR 
The question of what should be used, color or black and white, will probably never 
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be answered when stated in such general terms. When asking such a question, reference 
must also be made to the particular application of the Photography. 


color material, then the color film flown should be the best one available. It is the 
Purpose of this EKIT test to determine which of several commercially available films 
will perform the best in the J-3 system. 


The test will consist of three tasks. This procedure was taken in the analysis of 
the new emulsion type SO-362. The first task will consist of a laboratory analysis of 
the materials to determine their inherent characteristics. This will consist of deter- 
mining the spectra] Sensitivity, the dye curves, and the sensitometric curves. In addi- 
tion, their physical characteristics such as layer orientation and Physical dimensions, 


9. EKIT FLIGHT TEST No. 10—POLARIZER 


This test is designed to evaluate the effects of a polarizing filter in the 112B 
system and to extrapolate these results to the J-3 System. The specific effects Sought 
were: (1) decreased image “ballooning” from Specular reflections, and (2) decreased 
atmospheric hazelight from removing the polarized component of the scattered length. 


One flight was made, though inconclusive results were obtained since a late air- 
Craft takeoff did not allow testing at the desired solar altitudes; hence, a second flight 
is required. 

10. EKIT FLIGHT NO. 11—EVALUATION OF TYPE SO-180 


The evaluation of type SO-180 has taken two forms: (1) a genera] evaluation, and 
(2) a specific goal of “Can you tell from which launch pad a missile was fired from?” 
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on this film. 


Rather, the effects on the surrounding areas were to be Studied: (1) would the heat 
temporarily effect the vegetation, or (2) would there be Some other effect on the vege- 
tation from the excess moisture created during the launch and Subsequent water bath. 


The other evaluation, general terrain, has not been flown yet. Though this film 
has been on the market for several years, the manufacturer has not yet made an ex- 
tensive evaluation of its potential uses. The general evaluation would be designed to 
test this film's effects in the 112B system. For example, the system resolution and the 
effect of stereo viewing of color and black and white will be studied in a convergent 
Stereo mode instead of an overlapping mode. This test will draw upon other sources 
of information for Support material. For example, tests that have been performed at 
Wright-Patterson AFB, and at Eastman Kodak. 


11. EKIT FLIGHT NO. 12—METRIC COLOR 


This flight has been made and the state-of-the-art report is in the writing stage. 
The analysis of the flight material has not been completed to date. 











